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HYDROGEN-PRODUCING FUEL CELL SYSTEMS AND METHODS OF OPERATING
HYDROGEN-PRODUCING FUEL CELL SYSTEMS FOR BACKUP POWER OPERATIONS

Related Applications

This application claims priority to similarly titled U.S. Patent Application Serial No. 17/323,927,
which was filed on May 18, 2021, and to similarly titled U.S. Provisional Patent Application
No. 63/028,315, which was filed on May 21, 2020. The complete disclosures of both applications are
hereby incorporated by reference.

Field of the Disclosure

The present disclosure relates generally to hydrogen-producing fuel cell systems that are
configured for backup power applications and to methods of operating hydrogen-producing fuel cell
systems that are utilized for backup power applications.

Background of the Disclosure

Hydrogen-producing fuel cell systems generally include a fuel processor, which may be utilized
to generate hydrogen gas from a carbon-containing feedstock, and a fuel cell stack, which may be utilized
to generate an electrical output from the hydrogen gas. Hydrogen-producing fuel cell systems may be
utilized in backup power applications. In such configurations, the hydrogen-producing fuel cell systems
generally are configured to generate the electrical output to satisfy an applied load from an energy-
consuming device when a primary power source is unable to satisfy the applied load.

Once it is determined that the hydrogen-producing fuel cell system is needed to satisfy the
applied load, it takes a finite startup time for the fuel processor to begin to generate at least a minimum
threshold amount of hydrogen gas to enable the fuel cell stack to produce a sufficient electrical output to
satisfy the applied load. This finite startup time may, as examples, be based upon a time needed to heat
the fuel processor to a hydrogen-producing temperature range and/or upon a time needed by the fuel
processor to generate the hydrogen gas needed by the fuel cell stack to produce the electrical output to
satisfy the applied load.

Conventionally, batteries, or battery banks, may be utilized to satisfy the applied load during this
finite startup time, and the required storage capacity for the batteries may be based upon both a
magnitude of the applied load and a duration of the finite startup time. Batteries are expensive, are
maintenance-intensive, and often are stolen from remote installations. As such, it may be desirable to
decrease the finite startup time of the fuel cell system, thereby permitting a decrease in the needed
storage capacity for the batteries and/or permitting elimination of the batteries. Thus, there exists a need
for improved hydrogen-producing fuel cell systems and methods of operating hydrogen-producing fuel
cell systems for backup power applications.

Summary of the Disclosure

Hydrogen-producing fuel cell systems configured for backup power applications are disclosed
herein, as are methods of operating hydrogen-producing fuel cell systems for backup power operations.
The hydrogen-producing fuel cell systems (HPFCS) include a fuel processor, a hydrogen storage device,

and a fuel cell stack. The fuel processor is configured to receive one or more feed streams and to react the
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one or more feed streams to produce generated hydrogen gas. The hydrogen storage device is configured
to store a volume of stored hydrogen gas. The fuel cell stack is configured to receive an oxidant and
hydrogen gas and to generate an electrical output from the oxidant and the hydrogen gas. The fuel cell
stack is configured to at least partially satisfy an applied load with the electrical output when a primary
power source that normally is adapted to satisfy the applied load is not providing a primary electrical
output to satisfy the applied load. The HPFCS is configured to detect an inability of the primary power
source to satisfy the applied load. Responsive to a detection of the inability of the primary power source
to satisfy the applied load, the HPFCS is configured to initiate a startup of the fuel processor, supply the
stored hydrogen gas to the fuel cell stack to produce an initial electrical output from the stored hydrogen
gas during the startup of the fuel processor, and at least partially satisfy the applied load with the initial
electrical output. When the fuel processor reaches a hydrogen-producing state from the startup, the
HPFCS is configured to supply the generated hydrogen gas to the fuel cell stack to produce a subsequent
electrical output and at least partially satisfy the applied load with the subsequent electrical output.

The methods include detecting an inability of the primary power source to satisfy the applied
load. Responsive to the detecting, the methods include initiating supply of stored hydrogen gas from the
hydrogen storage device to the fuel cell stack, consuming the stored hydrogen gas with the fuel cell stack
to produce an initial electrical output from the fuel cell stack, and at least partially satisfying the applied
load with the initial electrical output. The methods further include initiating a startup of the fuel
processor. Subsequent to at least a threshold startup time of the fuel processor, the methods include
initiating supply of the generated hydrogen gas from the fuel processor to the fuel cell stack, consuming
the generated hydrogen gas with the fuel cell stack to produce a subsequent electrical output from the

fuel cell stack, and at least partially satisfying the applied load with the subsequent electrical output.
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Brief Description of the Drawings

Fig. 1 is a schematic illustration of examples of hydrogen-producing fuel cell systems according
to the present disclosure.
Fig. 2 is a flowchart depicting examples of methods of operating a hydrogen-producing fuel cell

system according to the present disclosure.
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Detailed Description and Best Mode of the Disclosure

Figs. 1-2 provide examples of hydrogen-producing fuel cell systems 10 and/or of methods 200,
according to the present disclosure. Elements that serve a similar, or at least substantially similar, purpose
are labeled with like numbers in each of Figs. 1-2, and these elements may not be discussed in detail
herein with reference to each of Figs. 1-2. Similarly, all elements may not be labeled in each of Figs. 1-2,
but reference numerals associated therewith may be utilized herein for consistency. Elements,
components, and/or features that are discussed herein with reference to one or more of Figs. 1-2 may be
included in and/or utilized with any of Figs. 1-2 without departing from the scope of the present
disclosure.

In general, elements that are likely to be included in a particular embodiment are illustrated in
solid lines, while elements that are optional are illustrated in dashed lines. However, elements that are
shown in solid lines may not be essential and, in some embodiments, may be omitted without departing
from the scope of the present disclosure. Dotted lines may be utilized to indicate information and/or
communication connections.

Fig. 1 is a schematic illustration of examples of hydrogen-producing fuel cell systems
(HPFCS) 10 according to the present disclosure. As illustrated in solid lines in Fig. 1, hydrogen-
producing fuel cell systems 10 include a hydrogen storage device 20, a fuel cell stack 30, and a fuel
processor 50. Fuel processor 50 is configured to receive one or more feed streams 61, examples of which
include a carbon-containing feedstock 62 and water 64. Fuel processor 50 includes a reforming
region 60, in which the one or more feed streams 61 are reacted to produce and/or generate a mixed gas
stream 66 that includes generated hydrogen gas 52 and that also may include other gasses 68. At least a
fraction of mixed gas stream 66, such as generated hydrogen gas 52, may be provided, or selectively
provided, to fuel cell stack 30. Examples of carbon-containing feedstock 62 include one or more alcohols
or hydrocarbons, with methanol being a specific example. Water 64 may be delivered to the fuel
processor as a liquid or steam. When the carbon-containing feedstock and/or water are delivered to the
fuel processor in liquid form, they typically will be vaporized in or prior to delivery to reforming
region 60. Fuel processor 50 additionally or alternatively may be referred to as a fuel processing
system 50, a hydrogen generator 50, a hydrogen-producing assembly 50, a steam reformer 50, and/or a
fuel reformer 50.

As shown in Fig. 1, fuel processor 50 also may include a purification assembly 72. Purification
assembly 72 is configured to receive mixed gas stream 66 from reforming region 60 and to separate
mixed gas stream 66 into a purified hydrogen stream 73 and a byproduct stream 74. Purified hydrogen
stream 73 includes a greater concentration of hydrogen gas than mixed gas stream 66, and purified
hydrogen stream 73 contains a lower concentration of other gasses 68 than mixed gas stream 66. Purified
hydrogen stream 73 may contain pure or at least substantially pure hydrogen gas. The hydrogen gas
contained in purified hydrogen stream 73 is, consists of, or consists essentially of, generated hydrogen
gas 52. As used herein, at least substantially pure hydrogen gas may be greater than 90% pure, greater

than 95% pure, greater than 99% pure, greater than 99.5% pure, and/or greater than 99.9% pure. In
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contrast, byproduct stream 74 contains a greater overall concentration of the other gasses than the mixed
gas stream. Byproduct stream 74 may contain hydrogen gas, but it contains a lower concentration of
hydrogen gas than the mixed gas stream.

More specific examples of purification assemblies 72 that may be included in and/or utilized
with fuel processor 50 are provided herein. HPFCS 10 may be configured to selectively deliver purified
hydrogen stream 73 from purification assembly 72 to fuel cell stack 30. HPFCS 10 also may be
configured to expel byproduct stream 74 from HPFCS 10, store byproduct stream 74, and/or utilize
byproduct stream 74 such as in a manner discussed herein.

Hydrogen storage device 20 is configured to store a volume 22 of hydrogen gas and to
selectively provide this stored hydrogen gas to fuel cell stack 30. As used herein, hydrogen gas that is, or
was, stored in hydrogen storage device 20 may be referred to as stored hydrogen gas 24. Fuel cell
stack 30 reacts hydrogen gas, such as stored hydrogen gas 24 and/or generated hydrogen gas 52, with an
oxidant 38 to produce and/or generate an electrical output 40. Electrical output 40 also may be referred to
herein as a stack electrical output 40 and may be provided to a DC/DC converter 48 prior to being
provided to an applied load, which may be at least in part from energy-consuming device 120. DC/DC
converter 48 may change a voltage of stack electrical output 40, such as from a voltage that is produced
by fuel cell stack 30 to a voltage that energy-consuming device 120 is configured to receive and/or to
utilize. As an example, DC/DC converter 48 may be a buck, or step-down, converter that decreases the
voltage of stack electrical output 40, or DC/DC converter 48 may be a boost converter that increases the
voltage of stack electrical output 40.

For convenience, the present disclosure will refer to HPFCS 10 as including a fuel cell stack 30.
However, it is within the scope of the present disclosure that HPFCS 10 may include any suitable number
of fuel cell stacks 30, such as at least one fuel cell stack 30 and/or a plurality of fuel cell stacks 30.

As discussed, HPFCS 10 is configured to utilize electrical output 40 from fuel cell stack 30 to at
least partially satisfy an applied load when a primary power source 100 that normally is adapted to satisfy
the applied load is not providing a primary electrical output 102 to satisfy the applied load. The applied
load may be, at least in part, from an energy-consuming device 120. As such, HPFCS 10 may be utilized
to selectively power, or to provide backup power to, energy-consuming device 120. The applied load also
may be from one or more components, assemblies, actuators, and/or electrically-powered elements of
HPFCS 10, such as discussed in more detail herein. For convenience, the present disclosure will refer to
the applied load as being at least in part from an energy-consuming device 120. However, it is within the
scope of the present disclosure that the applied load also may be, at least in part, from a plurality of
energy-consuming devices 120, in which case HPFCS 10 may be described as being utilized to
selectively power, or provide backup power to, a plurality of energy-consuming devices 120.

As discussed in more detail herein, primary power source 100 may be configured to provide an
alternating current (AC) primary electrical output 102 or a direct current (DC) primary electrical
output 106. In examples in which primary power source 100 is configured to provide the DC primary

electrical output, the DC primary electrical output may be provided directly to energy-consuming
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device 120. In examples in which primary power source 100 is configured to provide the AC primary
electrical output 102, a rectifier 104 may be utilized to rectify the primary electrical output to produce
and/or generate DC primary electrical output 106 prior to supply to, and/or consumption by, energy-
consuming device 120.

Primary power source 100 additionally or alternatively may be utilized to provide power to at
least a portion of HPFCS 10, such as to power the hydrogen-producing fuel cell system, or at least
portions thereof, during periods in which the primary power source is available to do so. In some
examples, such as when the primary power source is configured to provide the DC primary electrical
output, the primary electrical output may be provided directly to HPFCS 10. In some examples, such as
when the primary power source is configured to provide the AC primary electrical output, rectifier 104
may be utilized to generate DC primary electrical output 106, which may be provided to the HPFCS.

Primary power source 100 may not always be available to reliably provide primary electrical
output 102, such as to satisfy the applied load from one or more energy-consuming devices 102 and/or
HPFCS 10. For example, primary power source 100 may be unreliable and/or subject to interruption. In
addition, some energy-consuming devices 102 require a constant or nearly constant supply of electrical
output, and it is prudent to provide backup protection even if the primary power source traditionally has
been a reliable source of primary electrical output 102. In these and other scenarios, and as discussed in
more detail herein with reference to methods 200 of Fig. 2, HPFCS 10 may be configured to detect that
primary power source 100 is unable to satisfy the applied load. As an example, HPFCS 10 may include
and/or be in communication with a primary power detector 80, which may be utilized to detect that the
primary power source is unable to satisfy the applied load. In Fig. 1, examples of suitable locations for
primary power detector 80 are illustrated, such as to directly monitor the primary electrical output from
the primary power source and/or to monitor the state-of-charge and/or bus voltage of energy storage
device 86. For brevity, a detection by HPFCS 10 of the inability of primary power source 100 to satisfy
the applied load also may be referred to herein as a primary power source lapse detection.

Responsive to the detection of the inability of primary power source 100 to satisfy the applied
load, HPFCS 10 is configured to provide electrical output 40 to the applied load and to at least partially,
or completely, satisfy the applied load with electrical output 40. More specifically, responsive to the
primary power source lapse detection, HPFCS 10 is configured to initiate a startup of fuel processor 50.
As used herein, startup of fuel processor 50 additionally or alternatively may be referred to as a startup
sequence, a startup process, and/or a startup routine of fuel processor 50. During the startup of fuel
processor 50, HPFCS may be configured to supply stored hydrogen gas 24 from hydrogen storage
device 20 to fuel cell stack 30 to produce an initial electrical output 42 from the stored hydrogen gas 24,
and at least partially satisfy, and optionally completely satisfy, the applied load with initial electrical
output 42. When fuel processor 50 reaches a hydrogen-producing state from the startup, HPFCS 10 is
configured to supply generated hydrogen gas 52 from fuel processor 50 to fuel cell stack 30 to produce a
subsequent electrical output 46 from generated hydrogen gas 52 and to at least partially satisfy the

applied load with the subsequent electrical output 46. As discussed in more detail herein, when generated



10

15

20

25

30

35

WO 2021/236810 PCT/US2021/033224

hydrogen gas 52 is the only hydrogen gas supplied to fuel cell stack 30, HPFCS 10 may be configured to
satisfy, or completely satisfy, the applied load with subsequent electrical output 46.

As referred to herein, initial electrical output 42 is the electrical output 40 produced by fuel cell
stack 30 by reacting stored hydrogen gas 24 with oxidant 38, and subsequent electrical output 46 is the
electrical output 40 produced by fuel cell stack 30 by reacting generated hydrogen gas 52 with
oxidant 38. Thus, expressed in slightly different terms, responsive to the detection of the inability of
primary power source 100 to satisfy the applied load, HPFCS 10 is configured to initiate startup of fuel
processor 50, utilize stored hydrogen gas 24 to at least partially satisfy the applied load while the fuel
processor 50 is in startup, and utilize generated hydrogen gas 52 produced by fuel processor 50 to at least
partially satisfy the applied load once the startup of fuel processor 50 has been completed.

In the present disclosure, when a particular electrical output (e.g., initial electrical output 42 or
subsequent electrical output 46) is described as being utilized to “at least partially satisfy the applied
load,” this may include the particular electrical output being utilized to satisfy a portion of the applied
load or to satisfy the entirety of the applied load. For examples in which the particular electrical output is
utilized to satisfy a portion of the applied load, HPFCS 10 may utilize an additional electrical output or
electrical current source to satisfy the remaining portion of the applied load. In this way, for examples in
which the particular electrical output is utilized to satisfy a portion of the applied load, HPFCS 10 may
satisfy, or completely satisfy, the applied load with a combination of the particular electrical output and
the additional electrical output or electrical current source. In other words, a particular electrical output
being described herein as being utilized to “at least partially satisfy the applied load” does not necessarily
mean that the applied load is required to be only at least partially satisfied, but rather that the particular
electrical output is utilized to satisfy a portion of, and optionally the entirety of, the applied load, with
any remaining portion of the applied load optionally being satisfied with the additional electrical output
or electrical current source.

For example, as discussed in more detail herein, HPFCS 10 may include, or otherwise be
associated with, an electrical energy storage device 86. Electrical energy storage device 86 is configured
to store electrical energy and provide, or selectively provide, a stored electrical current 88 utilizing the
stored electrical energy. As examples, the electrical energy storage device may be configured to store the
electrical energy in a stored energy form, such as chemical energy, as rotational energy, and/or in an
electric field, selectively convert the stored energy form into electrical energy, and provide, or selectively
provide, the electrical energy as stored electrical current 88. Thus, references to stored electrical
current 88 in the present disclosure refer to electrical current that is provided from electrical energy
storage device 86, such as by electrical energy storage device 86 utilizing or releasing the electrical
energy stored therein and/or by electrical energy storage device 86 converting a stored energy form
stored therein into electrical energy. Stored electrical current 88 additionally or alternatively may be
referred to herein as backup electrical current 88, bridging electrical current 88, supplemental electrical
current 88, and/or released electrical current 88. For some examples in which HPFCS 10 utilizes initial

electrical output 42 to satisfy a portion of the applied load (i.e., partially satisfy the applied load),
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HPFCS 10 may be configured to utilize stored electrical current 88 from electrical energy storage
device 86 to satisfy the remaining portion of the applied load with stored electrical current 88. As such,
HPFCS may be configured to completely satisfy the applied load with a combination of initial electrical
output 42 and stored electrical current 88.

As another example, generated hydrogen gas 52 and stored hydrogen gas 24 may be supplied to
fuel cell stack 30 simultaneously with one another, or as a mixture, for a relatively short period of time
after initiation of the supply of generated hydrogen gas 52 to fuel cell stack 30. As examples, generated
hydrogen gas 52 and stored hydrogen gas 24 may be supplied to fuel cell stack 30 through a common
conduit. Stored hydrogen gas 24 may be present in the common conduit during initiation of the supply of
generated hydrogen gas 52 to fuel cell stack 30. In such examples, generated hydrogen gas 52 may mix
with the stored hydrogen gas 24 in the common conduit such that a mixture of generated hydrogen gas 52
and stored hydrogen gas 24 is supplied to fuel cell stack 30 during a relatively short or transitional time
period. In such examples, HPFCS 10 may be described as producing from this mixture an intermediate
electrical output 44 that includes initial electrical output 42 and subsequent electrical output 46. In some
such examples, HPFCS 10 is configured to satisfy, or completely satisfy, the applied load with
intermediate electrical output 44. In other words, HPFCS 10 may satisfy a portion of the applied load
with initial electrical output 42 and satisfy the remaining portion of the applied load with subsequent
electrical output 46 during this short or transitional time period in which both generated hydrogen gas 52
and stored hydrogen gas 24 are supplied to fuel cell stack 30. To initiate the startup of fuel processor 50,
HPFCS 10 may be configured to supply the one or more feed streams 61 to fuel processor 50, and the
fuel processor 50 may begin to produce mixed gas stream 66, which includes generated hydrogen gas 52,
from feed stream(s) 61. In particular, as shown in Fig. 1, HPFCS 10 may include a feedstock delivery
system 160 that is configured to supply feed stream(s) 61 to fuel processor 50. Feedstock delivery
system 160 may include one or more feed stream pumps 161 that are utilized to selectively deliver feed
streams 61 to fuel processor 50 from one or more feed stream supplies 162 that contain a volume of feed
stream(s) 61. Feed stream pumps 161 may be electrically powered, and thus may form a portion of the
applied load. As such, HPFCS 10 may be configured to provide electrical power to feed stream
pumps 161 to initiate the startup of the fuel processor 50, such as discussed in more detail herein.

Typically, in order for reforming region 60 to produce generated hydrogen gas 52 from feed
stream(s) 61 efficiently, reforming region 60 is heated to within, and maintained within, a hydrogen-
producing temperature range. More specific examples of the hydrogen-producing temperature range are
provided herein. When reforming region 60 is operated at a temperature below the hydrogen-producing
temperature range, reforming region 60 may produce mixed gas stream 66 with a greater proportion of
other gasses 68 and a smaller proportion of generated hydrogen gas 52 than when reforming region 60 is
operated within the hydrogen-producing temperature range. Thus, HPFCS 10 may be configured to heat
reforming region 60 to within, and/or maintain reforming region 60 within, the hydrogen-producing

temperature range during the startup of fuel processor 50.
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With this in mind, as shown in Fig. 1, HPFCS 10 may include a heating assembly 70 that is
configured to heat at least reforming region 60 of fuel processor 50 to within, and/or maintain reforming
region 60 within, the hydrogen-producing temperature range. More specific examples of heating
assemblies 70 are provided herein. Heating assembly 70 also may be configured and/or utilized to
selectively heat and/or maintain the temperature of one or more additional components of HPFCS 10,
such as purification assembly 72, within one or more respective operational temperature ranges.

In some examples, fuel processor 50 is a thermally primed fuel processor 50, in which HPFCS 10
utilizes heating assembly 70 to maintain fuel processor 50 and/or reforming region 60 in a thermally
primed state while primary power source 100 satisfies the applied load, while fuel processor 50 is not
receiving feed stream(s) 61, and/or prior to initiating startup of fuel processor 50. More specifically, to
maintain fuel processor 50 in the thermally primed state, HPFCS 10 may utilize heating assembly 70 to
maintain fuel processor 50 and/or reforming region 60 at or above a thermally primed temperature and/or
within a thermally primed temperature range that is greater than ambient temperature and/or within a
threshold fraction of the hydrogen-producing temperature range. As such, when fuel processor 50 is a
thermally primed fuel processor 50, fuel processor 50 and/or reforming region 60 may be heated through
a smaller temperature increase to within the hydrogen-producing temperature range during the startup.
Thus, the time required to startup the thermally primed fuel processor may be less than that required for a
fuel processor that is not thermally primed or for a fuel processor that is maintained at ambient
temperature prior to the startup.

As shown in Fig. 1, heating assembly 70 may include a burner assembly 171 that is configured to
combust a fuel source to heat fuel processor 50 and/or reforming region 60. In some examples,
HPFCS 10 is configured to supply byproduct stream 74 from purification assembly 72 to burner
assembly 171, and burner assembly 171 combusts the byproduct stream to heat fuel processor 50 and/or
reforming region 60. Thus, HPFCS 10 may utilize burner assembly 171 to heat fuel processor 50 and/or
reforming region 60 during the startup of fuel processor 50 and/or while fuel processor 50 is receiving
feed stream(s) 61. Heating assembly 70 additionally or alternatively may include an electrical heating
assembly 172 that is configured to receive electrical power, such as from primary power source 100
and/or a battery or other electrical energy storage device, and to heat fuel processor 50 and/or reforming
region 60 utilizing the electrical power. Thus, electrical heating assembly 172 may form a portion of the
applied load. In particular, HPFCS may utilize electrical heating assembly 172 to maintain fuel
processor 50 and/or reforming region 60 in the thermally primed state, such as prior to the startup of fuel
processor 50.

As mentioned, during startup, reforming region 60 may produce generated hydrogen gas 52 as a
portion of mixed gas stream 66, which in turn may be delivered to purification assembly 72 and separated
by purification assembly 72 into byproduct stream 74 and purified hydrogen stream 73, which includes
the generated hydrogen gas. However, during the startup of fuel processor 50, the pressure and/or flow
rate at which reforming region 60 produces generated hydrogen gas 52 may not be sufficient to satisfy

the applied load. Additionally or alternatively, the pressure and/or flow rate at which fuel processor 50
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produces purified hydrogen stream 73 may not be sufficient to satisfy the applied load. In other words,
fuel processor 50 may produce generated hydrogen gas 52 during startup at a pressure and/or flow rate
that is lower than a hydrogen gas pressure and/or hydrogen flow rate required by fuel cell stack 30 to
produce an electrical output 40 that is sufficient to satisfy the applied load.

However, the pressure and/or flow rate at which fuel processor 50 produces generated hydrogen
gas 52 may increase during startup to become sufficient to satisfy the applied load. Thus, fuel
processor 50 may reach the hydrogen-producing state when fuel processor 50 produces, and/or stably
produces, generated hydrogen gas 52 with a generated hydrogen gas supply pressure that is sufficient for
fuel cell stack 30 to generate a sufficient electrical output 40 to satisfy the applied load. Such a generated
hydrogen gas supply pressure may be referred to herein as a threshold minimum hydrogen gas supply
pressure. Additionally or alternatively, fuel processor 50 may reach the hydrogen-producing state when
fuel processor 50 produces generated hydrogen gas 52 with a generated hydrogen gas flow rate that is
sufficient for fuel cell stack 30 to utilize to satisfy the applied load. Such a generated hydrogen gas flow
rate may be referred to herein as a threshold minimum generated hydrogen gas flow rate. Stated another
way, startup of the fuel processor 50 may be complete when fuel processor 50 reaches the hydrogen-
producing state. When fuel processor 50 includes purification assembly 72, the generated hydrogen gas
flow rate and/or the generated hydrogen gas supply pressure may be that of purified hydrogen stream 73.

As shown in Fig. 1, fuel processor 50 may include a buffer tank 78 that is configured to receive
generated hydrogen gas 52 and/or purified hydrogen stream 73 and to store a volume of generated
hydrogen gas and/or purified hydrogen stream 73, such as prior to supply of generated hydrogen gas 52
and/or purified hydrogen stream 73 to fuel cell stack 30. Buffer tank 78 may increase a stability of the
generated hydrogen gas supply pressure that is provided to fuel cell stack 30 and/or may decrease a
potential for pressure variation in the pressure of the generated hydrogen gas 52 that is supplied to fuel
cell stack 30, such as to prevent damage thereof.

During startup, fuel processor 50 may deliver generated hydrogen gas 52 to buffer tank 78 and
pressurize buffer tank 78 with generated hydrogen gas 52. In some such examples, fuel processor 50
reaches the hydrogen producing state when the pressure of generated hydrogen gas contained in buffer
tank 78 is or exceeds the threshold minimum generated hydrogen gas supply pressure. Stated in slightly
different terms, the generated hydrogen gas supply pressure may be or include the pressure of stored
hydrogen gas in buffer tank 78. Additionally or alternatively, when fuel processor 50 includes
purification assembly 72, the generated hydrogen gas supply pressure may be or include the pressure of
purified hydrogen stream 73. The pressure of generated hydrogen gas in buffer tank 78 may be referred
to as a buffer pressure.

In view of the above, a threshold startup time may be needed for HPFCS 10 to produce
subsequent electrical output 46 from generated hydrogen gas 52. The threshold startup time may include
at least the duration of time between initiation of fuel processor 50 and completion of the startup of fuel
processor 50. The startup of the fuel processor may be completed when fuel processor 50 reaches the

hydrogen-producing state, or when HPFCS 10 produces the subsequent electrical output.
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As mentioned, HPFCS 10 may be configured to supply stored hydrogen gas 24 to fuel cell
stack 30 to at least partially satisfy the applied load with initial electrical output 42 during the startup of
fuel processor 50. In particular, HPFCS 10 may include a stored hydrogen gas flow control valve 28 that
is configured to permit or restrict flow of stored hydrogen gas 24 to fuel cell stack 30 from hydrogen
storage device 20. Responsive to the primary power source lapse detection, HPFCS 10 may be
configured to open stored hydrogen gas flow control valve 28 to permit flow of stored hydrogen gas 24 to
fuel cell stack 30 to produce initial electrical output 42.

In view of the above, hydrogen storage device 20 may be configured to supply stored hydrogen
gas 24 to fuel cell stack 30 during the threshold startup time. Hydrogen storage device 20 may be
configured to store a volume 22 of stored hydrogen gas 24 that is at least sufficient to satisfy the applied
load during the threshold startup time. Stated differently, hydrogen storage device 20 may be configured
to supply stored hydrogen gas 24 to fuel cell stack 30 with a pressure and/or flow rate that is sufficient to
at least partially satisfy the applied load during the threshold startup time. Thus, and as used herein,
references to hydrogen gas satisfying the applied load refer to the hydrogen gas (volume, pressure,
flowrate, etc.) being sufficient, when delivered to fuel cell stack 30, to enable the fuel cell stack to
generate an electrical output to satisfy the applied load. As discussed, stored hydrogen gas 24 being
sufficient to at least partially satisfy the applied load during the threshold startup time may include stored
hydrogen gas 24 being sufficient to satisfy, or completely satisfy, the applied load during the threshold
startup time. Alternatively, stored hydrogen gas 24 being sufficient to at least partially satisfy the applied
load during the threshold startup time may include stored hydrogen gas 24 being sufficient to satisfy a
portion of the applied load during the threshold startup time, with stored electrical current 88 optionally
being utilized to satisfy the remaining portion of the applied load.

HPFCS 10 may be configured to supply stored hydrogen gas 24 to fuel cell stack 30 at a stored
hydrogen gas supply pressure that is sufficient to at least partially satisfy the applied load. The volume 22
of stored hydrogen gas 24 may be contained in hydrogen storage device 20 at a pressure that is greater
than the stored hydrogen gas supply pressure. As shown in Fig. 1, HPFCS 10 may include at least one
stored hydrogen gas pressure regulator 26 configured to reduce and/or otherwise regulate the pressure of
stored hydrogen gas 24 that is delivered to fuel cell stack 30. Stored hydrogen gas pressure regulator 24
may be located in any suitable position between hydrogen storage device 20 and fuel cell stack 30. Stored
hydrogen gas pressure regulator 26 may be configured to maintain a pressure differential between
volume 22 of stored hydrogen gas 24 and the stored hydrogen gas 24 that is provided to fuel cell stack 30
such that the pressure of stored hydrogen gas 24 contained in hydrogen storage device 20 is greater than
the stored hydrogen gas supply pressure. In other words, the stored hydrogen supply pressure may be the
pressure of stored hydrogen gas 24 downstream of the stored hydrogen gas pressure regulator 26.

The volume 22 of stored hydrogen gas 24 contained in hydrogen storage device 20 may be
sufficient to at least partially satisfy the applied load. To at least partially satisfy the applied load with the
initial electrical output, stored hydrogen gas 24 may be supplied to fuel cell stack 30 with at least a

threshold minimum stored hydrogen gas flow rate, such as at the stored hydrogen gas supply pressure.
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With this in mind, the volume 22 of stored hydrogen gas 24 in hydrogen storage device 20 that is
sufficient to at least partially satisfy the applied load during the threshold startup time may be greater
than a volume of stored hydrogen gas that is consumed by fuel cell stack 30 during the threshold startup
time. In this way, stored hydrogen gas 24 may be supplied to fuel cell stack 30 from hydrogen storage
device 20 with at least the threshold minimum stored hydrogen gas flow rate at the stored hydrogen gas
supply pressure for the entirety of the threshold startup time.

As shown in Fig. 1, HPFCS 10 further may include a stored hydrogen gas pressure detector 121
that may be associated with and/or in communication with hydrogen storage device 20 and configured to
detect the pressure of hydrogen gas contained in hydrogen storage device 20. Based on the pressure of
stored hydrogen gas 24 within hydrogen storage device 20 detected by stored hydrogen gas pressure
detector 121, HPFCS 10 may be configured to determine whether the pressure and/or volume 22 of
stored hydrogen gas 24 contained within hydrogen storage device 20 is sufficient to at least partially
satisfy the applied load during the threshold startup time.

As discussed in more detail herein, to avoid damage to fuel cell stack 30, HPFCS 10 may be
configured to only permit flow of stored hydrogen gas 24 to fuel cell stack 30 to produce the initial
electrical output 42 therefrom when the pressure and/or volume 22 of stored hydrogen gas 24 contained
within hydrogen storage device 20 is sufficient to at least partially satisfy the applied load during the
threshold startup time. With this in mind, responsive to the primary power source lapse detection,
HPFCS 10 may be configured to utilize stored hydrogen gas pressure detector 121 to determine whether
the pressure and/or volume 22 of stored hydrogen gas 24 in hydrogen storage device 20 is sufficient to
satisfy the applied load during the threshold startup time. HPFCS 10 further may be configured to
selectively actuate stored hydrogen gas flow control valve 28 to selectively permit or restrict flow of
stored hydrogen gas 24 based on this determination.

HPFCS 10 may be configured to at least partially satisfy the applied load with initial electrical
output 42 within a threshold initial supply time. The threshold initial supply time may be measured as the
duration of time between the primary power source lapse detection and production of the initial electrical
output 42. As discussed in more detail below, the threshold initial supply time may be on the order of
seconds, while the threshold initial startup time may be on the order of minutes, or longer. As such,
supply of stored hydrogen gas 24 to the fuel cell stack 30 may permit and/or facilitate improved and/or
faster startup of HPFCS 10 and/or may permit the HPFCS 10 to more quickly, efficiently, and/or
effectively provide backup power to energy-consuming device 120 as compared to a conventional
HPFCS that does not include hydrogen storage device 20. Stated another way, HPFCS 10, may more
quickly be able to satisfy the applied load due to the presence of the hydrogen storage device 20 as
compared to a conventional HPFCS that does not include hydrogen storage device 20.

As shown in Fig. 1, HPFCS 10 may include a generated hydrogen gas flow control valve 54 that
is configured to regulate the flow of generated hydrogen gas 52 from fuel processor 50 to fuel cell
stack 30. HPFCS 10 may be configured to open generated hydrogen gas flow control valve 54 to permit

flow of generated hydrogen gas 52 to fuel cell stack 30 when fuel processor 50 reaches the hydrogen-
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producing state. HPFCS 10 also may be configured to maintain generated hydrogen gas flow control
valve 54 closed to prevent supply of generated hydrogen gas 52 to fuel cell stack 30 before fuel
processor 50 reaches the hydrogen-producing state and/or while fuel processor 50 is being started up.

As mentioned, HPFCS 10 may be configured to initiate supply of generated hydrogen gas 52 to
fuel cell stack 30 when fuel processor 50 produces generated hydrogen gas 52 with a generated hydrogen
gas flow rate that is sufficient to satisfy the applied load. In some such examples, HPFCS 10 includes a
generated hydrogen gas flow detector 176 that is configured to detect the generated hydrogen gas flow
rate of generated hydrogen gas 52 and/or purified hydrogen stream 73, and HPFCS 10 may be configured
to open generated hydrogen gas flow control valve 54 responsive to generated hydrogen gas flow
detector 176 detecting that the generated hydrogen gas flow rate meets or exceeds the threshold
minimum generated hydrogen gas flow rate.

As another example, HPFCS 10 may include a generated hydrogen gas pressure detector 178 that
is configured to detect the generated hydrogen gas supply pressure. HPFCS 10 may be configured to
open generated hydrogen gas flow control valve 54 to initiate supply of generated hydrogen gas 52 to
fuel cell stack 30 when the generated hydrogen gas supply pressure meets or exceeds the threshold
minimum generated hydrogen gas supply pressure. As a more specific example, HPFCS 10 may be
configured to initiate supply of generated hydrogen gas 52 from fuel processor 50 when the generated
hydrogen gas supply pressure exceeds a stored hydrogen gas supply pressure at which stored hydrogen
gas 24 is supplied to fuel cell stack 30 and/or when the generated hydrogen gas supply pressure is or
exceeds a threshold pressure differential greater than the stored hydrogen gas supply pressure. By this it
is meant that the hydrogen gas supply pressure is greater than the stored hydrogen gas supply pressure by
at least the threshold pressure differential. More specific examples of the threshold pressure differential
are disclosed herein with reference to Fig. 2 and methods 200.

As yet another example, HPFCS 10 may be configured to supply generated hydrogen gas 52 and
stored hydrogen gas 24 to a common hydrogen gas supply conduit 174 that is configured to deliver
hydrogen gas to fuel cell stack 30. In such an example, HPFCS 10 may include a generated hydrogen gas
check valve 76 that is configured to permit supply of generated hydrogen gas 52 to fuel cell stack 30
when the generated hydrogen gas supply pressure exceeds the stored hydrogen gas supply pressure. As
yet a more specific example, generated hydrogen gas check valve 76 may be configured with a crack
pressure corresponding to the threshold pressure differential such that the generated hydrogen gas check
valve only permits supply of generated hydrogen gas 52 to fuel cell stack 30 when the generated
hydrogen gas supply pressure meets or exceeds the threshold pressure differential greater than the stored
hydrogen gas supply pressure. In other words, during startup of fuel processor 50, the stored hydrogen
gas supply pressure in common hydrogen gas supply conduit 174 may exceed the generated hydrogen
gas supply pressure and/or the generated hydrogen gas supply pressure may be less than the threshold
pressure differential or greater than the stored hydrogen gas supply pressure. This may maintain
generated hydrogen gas check valve 76 in a closed state and prevent fluid communication between fuel

processer 50 and common hydrogen gas supply conduit 174. With this in mind, generated hydrogen gas
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check valve 76 also may prevent (back)flow of stored hydrogen gas 24 to fuel processor 50, which may
prevent damage to one or more components of fuel processor 50. The generated hydrogen gas check
valve 76 may be automatically opened to permit flow of generated hydrogen gas to fuel cell stack 30
when the generated hydrogen gas supply pressure meets or exceeds the threshold pressure differential
greater than the stored hydrogen gas supply pressure.

When fuel processor 50 includes buffer tank 78, generated hydrogen gas flow control valve 54
and/or generated hydrogen gas check valve 76 may be actuated responsive to the pressure of generated
hydrogen gas 52 within buffer tank 78, such as in the manner discussed herein. Additionally or
alternatively, when fuel processor 50 includes purification assembly 72, generated hydrogen gas flow
control valve 54 and/or generated hydrogen gas check valve 76 may be actuated responsive to the
pressure of purified hydrogen stream 73, such as in the manner discussed herein.

HPFCS 10 also may be configured to restrict and/or cease flow of stored hydrogen gas 24 to fuel
cell stack 30 responsive to fuel processor 50 reaching the hydrogen-producing state. For example,
HPFCS 10 may be configured to close stored hydrogen gas flow control valve 28 to cease flow of stored
hydrogen gas 24 to fuel cell stack 30 responsive to fuel processor 50 reaching the hydrogen-producing
state and/or responsive to supply of generated hydrogen gas 52 to fuel cell stack 30. As a more specific
example, HPFCS 10 may be configured to close stored hydrogen gas flow control valve 28 responsive to
a detection from generated hydrogen gas flow detector 176 that the generated hydrogen gas flow rate
meets or exceeds the threshold minimum generated hydrogen gas flow rate. As another more specific
example, HPFCS 10 may be configured to close stored hydrogen gas flow control valve 28 responsive to
a detection from generated hydrogen gas pressure detector 178 that the generated hydrogen gas supply
pressure meets or exceeds the threshold minimum generated hydrogen gas supply pressure.

For examples in which HPFCS 10 is configured to supply stored hydrogen gas 24 and generated
hydrogen gas 52 to fuel cell stack 30 via common hydrogen gas supply conduit 174, HPFCS 10 may
include a stored hydrogen gas check valve 77 configured to cease flow of stored hydrogen gas to
common hydrogen gas supply conduit 174. Stored hydrogen gas check valve 77 may be configured to
cease flow of stored hydrogen gas to common hydrogen gas supply conduit 174 responsive to the
generated hydrogen gas supply pressure meeting or exceeding the stored hydrogen gas supply pressure
and/or responsive to the generated hydrogen gas supply pressure meeting or exceeding the threshold
pressure differential greater than the stored hydrogen gas supply pressure, such as in the manner
discussed herein. Additionally or alternatively, generated hydrogen gas check valve 76 may include a
three-way check valve that is configured to simultaneously cease flow of stored hydrogen gas 24 and
permit flow of generated hydrogen gas to common hydrogen gas supply conduit 174 responsive to the
generated hydrogen gas supply pressure exceeding the stored hydrogen gas supply pressure and/or
responsive to the generated hydrogen gas supply pressure meeting or exceeding the threshold pressure
differential greater than the stored hydrogen gas supply pressure.

HPFCS 10 may be configured to utilize a portion of initial electrical output 42 to power one or

more components of HPFCS 10 during the startup of fuel processor 50 and/or during the threshold
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startup time. In particular, HPFCS 10 may be configured to facilitate startup of fuel processor 50 utilizing
initial electrical output 42. As a more specific example, HPFCS 10 may be configured to power feed
stream pumps 161 with at least some of the portion of initial electrical output 42 to deliver feed
stream(s) 61 to reforming region 60. As another example, HPFCS 10 may be configured to actuate stored
hydrogen gas flow control valve 28 and/or generated hydrogen gas flow control valve 54 utilizing initial
electrical output 42, such as in a manner discussed herein.

As shown in Fig. 1, HPFCS 10 also may include and/or otherwise may be associated with an
electrical energy storage device 86. HPFCS 10 may direct electrical energy storage device 86 to provide,
or to selectively provide, a stored electrical current 88 to at least partially satisfy the applied load. For
convenience, the present disclosure will refer to HPFCS 10 as including and/or as being associated with
an electrical energy storage device 86. However, it is within the scope of the present disclosure that
electrical energy storage devices 86 may include any suitable number of electrical energy storage
devices, such as at least one electrical energy storage device and/or a plurality of electrical energy storage
devices. It also is within the scope of the present disclosure that electrical energy storage device 86 may
be distinct from and/or external to the HPFCS 10, as illustrated in dotted lines in Fig. 1. More specific
examples of energy storage devices that may be, or may be included in, suitable electrical energy storage
device 86 are disclosed herein.

As discussed in more detail herein with reference to methods 200 of Fig. 2, electrical energy
storage device 86 may be configured to satisfy the applied load when both primary power source 100 and
fuel cell stack 30 are unable to satisfy the applied load. As a more specific example, HPFCS 10 may be
configured to direct electrical energy storage device 86 to provide stored electrical current 88 to satisfy
the applied load during the threshold initial supply time. In other words, HPFCS 10 may be configured to
direct electrical energy storage device 86 to provide stored electrical current 88 to satisfy the applied load
responsive to the primary power lapse detection and before HPFCS 10 produces initial electrical
output 42 from stored hydrogen gas 24. Thus, in some examples, HPFCS 10 is configured to cease
supply of stored electrical current 88 from electrical energy storage device 86 to the applied load
responsive to the production of initial electrical output 42. Alternatively, HPFCS 10 may be configured
to cease supply of stored electrical current 88 from electrical energy storage device 86 to the applied load
responsive to the production of subsequent electrical output 46. In such an example, during startup of fuel
processor 50, HPFCS 10 may be configured to completely satisfy the applied load with a combination of
initial electrical output 42 and stored electrical current 88.

Inclusion of hydrogen storage device 20 decreases the time required for HPFCS 10 to satisfy the
applied load, or at least partially satisfy the applied load, utilizing electrical output from fuel cell
stack 30. As such, a size and/or overall energy storage capacity of electrical energy storage device 86
may be decreased due to inclusion of the hydrogen storage device 20 within the HPFCS 10. Stated
another way, HPFCS 10 may include and/or be associated with an electrical energy storage device 86
having a smaller overall energy storage capacity as compared to a conventional HPFCS due to the

inclusion and/or utilization of hydrogen storage device 20 in HPFCS 10 to provide initial electrical
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output 42. Stated yet another way, the overall energy storage capacity of electrical energy storage
device 86 may be sufficient to satisfy the applied load during the threshold initial supply time. However,
the overall energy storage capacity of electrical energy storage device 86 may be less than that which is
sufficient to satisfy the applied load for durations greater than the initial supply time. As a more specific
example, the overall energy storage capacity of electrical energy storage device 86 may be less than that
which is sufficient to satisfy the applied load for the threshold startup time.

Fig. 2 is a flowchart depicting examples of methods 200 of operating a hydrogen-producing fuel
cell system, such as HPFCS 10, according to the present disclosure. In Fig. 2, some steps are illustrated
in dashed boxes, indicating that such steps may be optional or may correspond to an optional version of
methods 200. That said, not all methods 200 are required to include the steps illustrated in solid boxes.
The methods and steps of Fig. 2 are not limiting, and other methods and steps are within the scope of the
present disclosure, including methods having greater than or fewer than the number of steps illustrated,
as understood from the discussion herein. Each step or portion of methods 200 may be performed
utilizing the HPFCS 10 of Fig. 1 and/or portions thereof that are illustrated and discussed herein with
reference to Fig. 1. Likewise, any of the features, functions, structures, configurations, characteristics,
properties, variants, options, etc. of hydrogen-producing fuel processing systems that are discussed herein
with reference to Fig. 2 and methods 200 may be included in or utilized with HPFCS 10 according to
Fig. 1.

Methods 200 include detecting an inability to satisfy an applied load at 205 and may include
initiating supply of a stored electrical current at 210 and/or determining that a hydrogen storage device
includes sufficient hydrogen gas at 215. Methods 200 also include initiating startup of a fuel processor
at 220 and initiating supply of stored hydrogen gas at 225, and methods 200 may include regulating
supply of stored hydrogen gas at 230. Methods 200 further include consuming stored hydrogen gas
at 240, and methods 200 may include selectively permitting a fuel cell stack to produce an initial
electrical output at 245. Methods 200 also include satisfying an applied load with the initial electrical
output at 250. Methods 200 may include purifying generated hydrogen gas at 260. Methods 200 further
include initiating supply of generated hydrogen gas at 265 and may include regulating a generated
hydrogen gas supply pressure at 270 and/or restricting flow of stored hydrogen gas at 275. Methods 200
also include consuming generated hydrogen gas at 280 and satisfying the applied load with a subsequent
electrical output at 285.

In the flowchart of Fig. 2, a first prong is utilized to indicate at least some of the steps that are
performed with, or in association with, stored hydrogen gas, with these steps being illustrated in sequence
with one another. A second prong is utilized to indicate some of the steps of methods 200 that are
performed with, in association with, and/or to produce generated hydrogen gas, and these steps are
illustrated in sequence with one another. The steps of methods 200 of the first prong are illustrated in
parallel to the steps shown in the second prong. As discussed in more detail herein, in some examples of
methods 200, one or more steps illustrated in the second prong of Fig. 2 may be performed independently

of and/or with any suitable sequence or timing relative to one or more steps illustrated in the first prong

16



10

15

20

25

30

35

WO 2021/236810 PCT/US2021/033224

of Fig. 2. In some other examples of methods 200, one or more steps illustrated in the second prong of
Fig. 2 may be performed in sequence with, responsive to, prior to, and/or with one or more steps of the
first prong of Fig. 2.

The detecting the inability of the primary power source to satisfy the applied load at 205 may be
performed in any suitable manner and/or utilizing any suitable structure that may be adapted, configured,
designed, and/or constructed to detect the inability of the primary power source to satisfy the applied
load. As an example, the detecting at 205 may include detecting with, via, and/or utilizing primary power
detector 80 of Fig. 1, examples of which are disclosed herein. As mentioned, the applied load may be
from an energy-consuming device and/or from one or more components of the HPFCS. Examples of the
primary power source, of the energy-consuming device, and of components of HPFCS 10 that may be
included in the applied load also are disclosed herein. Examples of components of the HPFCS that may
define portions of the applied load prior to the detecting at 205 include an electrical heating assembly of
or associated with the HPFCS, such as electrical heating assembly 172 of Fig. 1, and/or a controller of
the HPFCS, such as controller 90 of Fig. 1.

The detecting at 205 may include detecting an absence of a primary electrical output to the
energy-consuming device from the primary power source. As another example, the detecting at 205 may
include detecting a decrease in a monitored voltage. Examples of the monitored voltage include a
primary voltage of the primary power source, such as primary power source 100 of Fig. 1, a grid voltage
of an electrical grid configured to provide a grid electric current to the energy-consuming device, and/or
an energy storage device voltage of an electrical energy storage device, such as electrical energy storage
device 86 of Fig. 1, which is configured to provide a stored electrical current to the energy-consuming
device. Additional examples of the monitored voltage include a voltage supplied to the HPFCS, a voltage
provided to an electrical heating assembly of the HPFCS, such as electrical heating assembly 172 of
Fig. 1, utilized to maintain the HPFCS in a standby and/or a thermally primed state, and/or any other
suitable voltage provided to the energy-consuming device.

The decrease in the monitored voltage may have any suitable magnitude. As examples, the
decrease in the monitored voltage may be at least 5%, at least 10%, at least 15%, at least 20%, at
least 25%, at least 30%, at least 40%, and/or at least 50% of a nominal voltage value. As additional
examples, the decrease in the monitored voltage may be at least 0.5 volts, at least 1 volt, at least 1.5 volts,
at least 2 volts, at least 2.5 volts, at least 3 volts, at least 4 volts, at least 5 volts, at most 10 volts, at
most 9 volts, at most 8 volts, at most 7 volts, at most 6 volts, at most 5 volts, at most 4 volts, and/or at
most 3 volts.

In some examples, and subsequent to the detecting at 205, methods 200 may include maintaining
the energy-consuming device in an unpowered state prior to satisfying at 250 and/or prior to supply of
the initial electrical output to the energy-consuming device. In some such examples, methods 200 further
may include starting up the energy-consuming device, bringing the energy-consuming device online,
and/or powering up the energy-consuming device responsive to receipt of the initial electrical output

from the fuel cell stack. Such a configuration, which may be referred to herein as a “black start,” may
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decrease an overall energy consumption by the HPFCS and/or by the energy-consuming device prior to
generation of the initial electrical output by the fuel cell stack. This may decrease a need for, and/or
decrease a needed storage capacity of, the electrical energy storage device of the HPFCS, when present.

In some examples, the HPFCS may include and/or be associated with the electrical energy
storage device, which may be configured to selectively provide a stored electrical current to the applied
load, such as to satisfy the applied load during the time period between when the primary power source
initially cannot do so and when HPFCS 10 begins to generate sufficient electrical output to do so.
Examples of the electrical energy storage device are disclosed herein.

In some such examples, methods 200 may include initiating supply of the stored electrical
current at 210. The initiating at 210 may include initiating supply of the stored electrical current to the
applied load, which may be from one or more components of the HPFCS and/or the energy-consuming
device. The initiating at 210 and/or the supply of stored electrical current to the applied load may be
performed responsive to the detecting at 205 and/or may be performed at least partially concurrently with
initiating at 225 and/or with the supply of stored hydrogen gas from the hydrogen storage device to the
fuel cell stack.

Determining that the hydrogen storage device includes sufficient hydrogen gas at 215 may
include determining that a hydrogen storage device of the HPFCS, which is configured to provide the
stored hydrogen gas to the fuel cell stack responsive to and/or subsequent to the initiating at 225, includes
hydrogen gas and/or contains hydrogen gas. Additionally or alternatively, the determining at 215 may
include determining that the hydrogen storage device includes hydrogen gas sufficient to provide the
stored hydrogen gas to the fuel cell stack for at least a threshold startup time of the fuel processor.

In particular, the determining at 215 may include determining that the volume of stored
hydrogen gas in the hydrogen storage device is sufficient for the hydrogen storage device to supply the
stored hydrogen gas to the fuel cell stack at a stored hydrogen gas flow rate that is sufficient to at least
partially satisfy the applied load for at least a threshold startup. The determining at 215 also may include
determining that the volume of stored hydrogen gas in the hydrogen storage device is sufficient for the
hydrogen storage device to supply the stored hydrogen gas to the fuel cell stack at a stored hydrogen gas
supply pressure that is sufficient to at least partially satisfy the applied load for at least the threshold
startup time. Examples of the hydrogen storage device are disclosed herein. Examples of the HPFCS and
of the fuel cell stack also are disclosed herein.

The determining at 215 may include detecting a pressure of the stored hydrogen gas within the
hydrogen storage device, such as by utilizing the stored hydrogen gas pressure detector 121 of Fig. 1, and
determining that the pressure and/or volume of stored hydrogen gas contained in the hydrogen storage
device is sufficient to satisfy the applied load for at least the threshold startup time based upon the
pressure of the stored hydrogen gas in the hydrogen storage device.

The determining at 215 may be performed prior to the initiating at 225, such as to decrease a
potential for damage to the fuel cell stack. As an example, fuel cell stacks often are configured such that,

if a supply of fuel (e.g., hydrogen gas) to the fuel cell stack is insufficient to satisfy an applied load, the
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fuel cell stack will operate in an inefficient operational regime that will cause generation of excessive
heat. This excessive heat may be detrimental to operation of the fuel cell stack and/or may cause damage
to the fuel cell stack. As such, the determining at 215 may be utilized to ensure that the fuel cell stack is
not damaged during the initiating at 225, while the hydrogen storage device provides stored hydrogen gas
to the fuel cell stack, and/or while the fuel cell stack supplies the initial electrical output to the energy-
consuming device.

Initiating supply of the stored hydrogen gas at 225 may include initiating supply of the stored
hydrogen gas from the hydrogen storage device of the HPFCS, such as hydrogen storage device 20 of
Fig. 1, to the anode, or anode region, of the fuel cell stack. The initiating at 225 may be performed with
any suitable sequence or timing within methods 200. As an example, the initiating at 225 may be at least
partially responsive to and/or a result of the detecting at 205. The initiating at 225 also may be performed
prior to and/or at least substantially simultaneously with initiating startup of the fuel processor at 220,
prior to initiating supply of generated hydrogen gas at 265, prior to regulating supply of stored hydrogen
gas at 230, and/or prior to consuming the stored hydrogen gas at 240.

The initiating at 225 may be performed in any suitable manner. As an example, the hydrogen
storage device may include, may house, and/or may contain a volume of stored hydrogen gas, and the
initiating at 225 may include flowing at least a portion of the volume of stored hydrogen gas from the
hydrogen storage device and/or to the fuel cell stack. It is within the scope of the present disclosure that
the volume of stored hydrogen gas may be sufficient to operate the HPFCS and/or to satisfy the applied
load for at least a threshold initial supply time, examples of which are disclosed herein with reference to
the satisfying at 250. The initiating at 225 also may include supplying the stored hydrogen gas to the fuel
cell stack at a stored hydrogen gas flow rate and/or at a stored hydrogen gas supply pressure. The stored
hydrogen gas flow rate may be at least a threshold minimum flow rate of hydrogen gas that is sufficient
for the fuel cell stack to produce the initial electrical output and at least partially satisfy the applied load
therewith. Similarly, the stored hydrogen gas supply pressure may be at least a threshold minimum
pressure of hydrogen gas that is sufficient for the fuel cell stack to produce the initial electrical output
and at least partially satisfy the applied load therewith.

Flow of the stored hydrogen gas to the fuel cell stack may be controlled and/or regulated in any
suitable manner. As an example, a flow control valve, such as stored hydrogen gas flow control valve 28
of Fig. 1, may be utilized to selectively permit and/or block flow of the stored hydrogen gas to the fuel
cell stack. In such an example, the initiating at 225 may include selectively opening stored hydrogen gas
flow control valve 28 to permit flow of stored hydrogen gas to the fuel cell stack. In some examples,
methods 200 include opening the stored hydrogen control valve to initiate supply of the stored hydrogen
gas to the fuel cell stack utilizing a portion of the stored electrical current.

As shown in Fig. 2, methods 200 may include regulating supply of the stored hydrogen gas
at 230, and this regulating may include selectively delivering the stored hydrogen gas to the fuel cell
stack and/or regulating a stored hydrogen gas supply pressure at which the stored hydrogen gas is

supplied to the fuel cell stack. More specifically, the stored hydrogen gas may be contained in the
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hydrogen storage device at a storage pressure, and methods 200 may include providing the stored
hydrogen gas to the fuel cell stack at a pressure that is different from, such as less than, the storage
pressure. In such examples, the regulating at 230 includes regulating the stored hydrogen gas supply
pressure, which may include utilizing a stored hydrogen gas pressure regulator of the HPFCS. An
example of stored hydrogen gas pressure regulator 26 is illustrated in Fig. 1 at 26.

Examples of the stored hydrogen gas supply pressure include pressures of at least 50 kilopascals
(kPa), at least 60 kPa, at least 70 kPa, at least 80 kPa, at least 90 kPa, at least 100 kPa; at most 150 kPa,
at most 140 kPa, at most 130 kPa, at most 120 kPa, at most 110 kPa, at most 100 kPa, at most 90 kPa, at
most 80 kPa, at most 70 kPa, at most 60 kPa, and/or at most 50 kPa. As discussed in more detail herein
with reference to restricting at 275, the stored hydrogen gas supply pressure may be less than a generated
hydrogen gas supply pressure of the generated hydrogen gas when the fuel processor is in a hydrogen-
producing state, which may permit and/or facilitate an effective, efficient, and/or automatic transition
from operation of the fuel cell stack utilizing stored hydrogen gas from the hydrogen storage device to
operation of the fuel cell stack utilizing generated hydrogen gas from the fuel processor.

Additionally or alternatively, the regulating at 230 may include selectively delivering the stored
hydrogen gas to the fuel cell stack, such as an anode thereof, and preventing flow of the stored hydrogen
gas to other portions of the HPFCS. As a more specific example, the regulating at 230 may include
restricting flow of stored hydrogen gas to the fuel processor, which may include blocking, occluding,
and/or stopping flow of stored hydrogen gas to the fuel processor, and such restricting may be performed
with any suitable timing, in any suitable manner, and/or utilizing any suitable structure. As a more
specific example, the restricting flow of stored hydrogen gas to the fuel processor may include restricting
with, via, and/or utilizing a check valve, such as generated hydrogen gas check valve 76 of Fig. 1. In this
example, generated hydrogen gas check valve 76 may be configured to permit fluid flow from reforming
region 60 and/or a purification assembly 72 toward fuel cell stack 30, such as when the generated
hydrogen gas supply pressure is at least the threshold minimum generated hydrogen gas supply pressure,
and to restrict fluid flow from fuel cell stack 30 and/or hydrogen storage device 20 toward and/or to fuel
processor 50, and/or the components thereof, such as purification assembly 72. Such a configuration may
decrease a potential for back pressure on one or more components of the fuel processor.

When included in methods 200, the regulating at 230 may be performed with any suitable
sequence or timing within methods 200, such as at least subsequent to the initiating at 225 and/or during
flow of stored hydrogen gas to the fuel cell stack.

With continued reference to Fig. 2, methods 200 include consuming stored hydrogen gas at 240.
The consuming at 240 may include consuming the stored hydrogen gas with and/or within the fuel cell
stack to produce and/or generate the initial electrical output from the fuel cell stack. The consuming
at 240 may be responsive to and/or a result of the detecting at 205 and/or the initiating at 225.
Additionally or alternatively, the consuming at 240 may be responsive to and/or a result of receipt of the

stored hydrogen gas and/or the oxidant by the fuel cell stack.
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As discussed in more detail herein, fuel cell stacks may consume both a fuel, such as hydrogen
gas, the stored hydrogen gas, and/or the generated hydrogen gas, and an oxidant, such as oxygen and/or
air that includes oxygen, to produce and/or generate an electrical output, such as the initial electrical
output and/or the subsequent electrical output. With this in mind, the consuming at 240 may include
providing the oxidant to the fuel cell stack. More specifically, the consuming at 240 may include
providing the oxidant to a cathode of the fuel cell stack.

The consuming at 240 may include actively providing the oxidant to the fuel cell stack. As an
example, a fan, compressor, and/or other oxidant conveyance structure may be utilized to actively
provide the oxidant to the fuel cell stack. As another example, the oxidant may be provided from a
pressurized oxidant source, with flow of oxidant to the fuel cell stack being controlled and/or regulated
by an oxidant supply valve. Examples of fuel cell stacks where the oxidant may be actively provided
include a closed cathode fuel cell stack and/or an open cathode fuel cell stack.

Alternatively, the consuming at 240 may include passively providing the oxidant to the fuel cell
stack. As an example, the cathode of the open cathode fuel cell stack may be exposed to air, and natural
convection and/or naturally occurring oxidant concentration gradients within the air may produce and/or
generate sufficient flow of the oxidant to the fuel cell stack to accommodate the flow of stored hydrogen
gas to the fuel cell stack. In such examples, the providing the oxidant to the fuel cell stack additionally or
alternatively may be referred to herein as permitting ambient air to contact and/or flow through the open
cathode.

With continued reference to Fig. 2, methods 200 may include selectively permitting the fuel cell
stack to produce the initial electrical output at 245, which may include selectively permitting the fuel cell
stack to produce the initial electrical output based upon any suitable criteria. As an example, the
selectively permitting at 245 may be based upon and/or responsive to the determining at 215. Stated
another way, the determining at 215 may include determining that the hydrogen storage device includes
stored hydrogen gas sufficient to permit operation of the fuel cell stack and/or generation of the initial
electrical output without damage to the fuel cell stack. Under these conditions, the selectively permitting
at 245 may permit the initial electrical output from the fuel cell stack. In contrast, in conditions in which
the determining at 215 includes the hydrogen storage device not having sufficient stored hydrogen gas to
permit operation of the fuel cell stack without damage to the fuel cell stack, the selectively permitting
at 245 may not be performed and/or the fuel cell stack may not be permitted to provide the initial
electrical output to the energy-consuming device.

As another example, the HPFCS generally may be configured only to permit the subsequent
electrical output from the fuel cell stack when the fuel processor is generating the generated hydrogen gas
and/or subsequent to the threshold startup time for the fuel processor. In such a configuration, the
selectively permitting at 245 may include selectively permitting the initial electrical output from the fuel
cell stack prior to expiration of the threshold startup time for the fuel processor, before the fuel processor
is generating the generated hydrogen gas, and/or before the fuel processor reaches the hydrogen

producing state.
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The selectively permitting at 245 may be performed in any suitable manner. As an example, the
selectively permitting at 245 may include permitting flow of the stored hydrogen gas to the fuel cell stack
when the determining at 215 includes determining that the hydrogen storage device includes sufficient
hydrogen gas. Conversely, the selectively permitting at 245 may include restricting flow of the stored
hydrogen gas to the fuel cell stack when the determining at 215 includes determining that the hydrogen
storage device does not include sufficient hydrogen gas.

Methods 200 further include satisfying the applied load with the initial electrical output at 250,
which may include at least partially, or even completely, satisfying the applied load with the initial
electrical output from the fuel cell stack. More specifically, the satisfying at 250 may include satisfying
the portion of the applied load from the energy-consuming device, which is illustrated in Fig. 1, with
initial electrical output 42 being provided to energy-consuming device 120 from fuel cell stack 30. As
discussed herein with reference to the initiating at 220, the satisfying at 250 also may include satisfying
the portion of the applied load from one or more components of the HPFCS, such as the one or more feed
stream pumps. As more examples, the satisfying at 250 may include utilizing the applied load to actuate
one or more flow control valves, and/or one or more pressure regulators of the HPFCS. As more specific
examples, the satisfying at 250 may include utilizing the initial electrical output to selectively open the
generated hydrogen gas flow control valve.

In some examples, the satisfying at 250 may include completely satisfying the applied load with
the initial electrical output and/or satisfying the applied load solely with the initial electrical output. Thus,
for examples in which methods 200 include the initiating at 210, the satisfying at 250 may include
ceasing supply of the stored electrical current to the applied load when the satisfying at 250 includes
completely satisfying the applied load with the initial electrical output. In other examples, such as when
methods 200 include the initiating at 210, the satisfying at 250 may include partially satisfying the
applied load with the initial electrical output, partially satisfying the applied load with the stored
electrical current, and completely satisfying the applied load with a combination of the initial electrical
output and the stored electrical current.

The satisfying at 250 may include at least partially satisfying the applied load with the initial
electrical output during a startup timeframe in which stored hydrogen gas is the only hydrogen gas that is
provided to the fuel cell stack. Examples of the startup timeframe are disclosed herein with reference to
the threshold startup time for the fuel processor.

The satisfying at 250 additionally or alternatively may include at least partially satisfying the
applied load with the initial electrical output within a threshold initial supply time. Examples of the
threshold initial supply time include at least 1 second (s), at least 5 s, at least 10 s, at least 15 s, at least 20
s, at least 25 s, at least 30 s, at least 35 s, at least 40 s, at least 45 s, at most 120 s, at most 110 s, at
most 100 s, at most 90 s, at most 80 s, at most 70 s, at most 60 s, at most 50 s, at most 40 s, at most 30 s,
at most 20 s, at most 10 s, and/or at most 5 s.

It is within the scope of the present disclosure that the threshold initial supply time may be less

than a threshold fraction of the threshold startup time for the fuel processor. Examples of the threshold

22



10

15

20

25

30

35

WO 2021/236810 PCT/US2021/033224

fraction include less than 80%, less than 70%, less than 60%, less than 50%, less than 40%, less
than 30%, less than 25%, less than 20%, less than 15%, less than 10%, or less than 5% of the threshold
startup time for the fuel processor.

The applied load during the satisfying at 250 may be from the same or different components as
the applied load prior to the detecting at 205, or the applied load satisfied by the primary electrical
output. For example, when the applied load is at least partially satisfied with the initial electrical output,
the satisfying at 250 may not include utilizing a portion of the initial electrical output to power the
electrical heating assembly. As another example, the applied load being at least partially satisfied during
the satisfying at 250 may be at least in part from one or more components of the HPFCS, such as one or
more feed stream pumps of a feedstock delivery system of the HPFCS, such as feed stream pumps 161 of
Fig. 1, one or more components of the fuel processor and/or one or more valves of the HPFCS, while the
applied load prior to the detecting at 205 may not be from the one or more feed stream pumps.

Initiating startup of the fuel processor at 220 may include initiating startup of the fuel
processor 50 of the HPFCS 10 of Fig. 1. The initiating at 220 may be at least partially responsive to the
detecting at 205, may be performed at least partially concurrently with the initiating at 225, may be
performed subsequent to the initiating at 225, and may be performed during supply of stored hydrogen
gas to the fuel cell stack, at least partially concurrently with the satisfying at 250. Examples of suitable
fuel processors are disclosed herein.

The initiating at 220 may include initiating supply of one or more feed streams to a reforming, or
hydrogen-producing, region of the fuel processor. Examples of the one or more feed streams include a
carbon-containing feedstock and water and are discussed in more detail herein. In a specific example,
such as when the reforming region is a steam reforming region, the one or more feed streams may
include an alcohol, such as methanol, and water. The initiating at 220 additionally or alternatively may
include heating the reforming region of the fuel processor, and/or a purification assembly of the fuel
processor, to a hydrogen-producing temperature range, examples of which are disclosed herein. The
heating may include heating with, via, and/or utilizing a heating assembly, such as heating assembly 70
of Fig. 1. Examples of the heating assembly are disclosed herein.

In some examples, the fuel processor may include and/or be a thermally primed fuel processor
that maintains reforming region 60 and/or purification assembly 72 near and/or within the hydrogen-
producing temperature range. Examples of the thermally primed temperature include temperatures of at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, or at least 95% of a lower threshold of the hydrogen-producing temperature range, as
measured in degrees Celsius. Additional examples of the thermally primed temperature include
temperatures of at most 100%, at most 95%, at most 90%, at most 85%, at most 80%, or at most 75% of
an upper threshold of the hydrogen-producing temperature range, as measured in degrees Celsius.
Another example of the thermally primed temperature includes temperatures that are within the

hydrogen-producing temperature range.
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Examples of the lower threshold of the hydrogen-producing temperature range include
temperatures of at least 200 degrees Celsius (°C), at least 225 °C, at least 250 °C, at least 275 °C, at
least 300 °C, at least 325 °C, at least 350 °C, at least 375 °C , at least 400 °C, at least 425 °C, at least 450
°C, at least 475 °C, at least 500 °C, at least 525 °C, at least 550 °C, at least 575 °C, at least 600 °C, at
least 625 °C, at least 650 °C, at least 675 °C, at least 700 °C, at least 725 °C, or at least 750 °C. Examples
of the upper threshold of the hydrogen-producing temperature range include temperatures of at most 900
°C, at most 875 °C, at most 850 °C, at most 825 °C, at most 800 °C, at most 775 °C, at most 750 °C, at
most 725 °C, at most 700 °C, at most 675 °C, at most 650 °C, at most 625 °C, at most 600 °C, at most 575
°C, at most 550 °C, at most 525 °C, at most 500 °C, at most 475 °C, at most 450 °C, at most 425 °C, or at
most 400 °C.

For some examples in which the fuel processor is a thermally primed fuel processor, the
initiating at 220 may include increasing a temperature of the fuel processor and/or of the reforming
region from the thermally primed temperature to the hydrogen-producing temperature range. For some
examples in which the fuel processor is a thermally primed fuel processor, methods 200 may include
maintaining the fuel processor in the thermally primed state prior to the detecting. In such examples, the
maintaining the fuel processor in the thermally primed state includes heating the fuel processor to within
the thermally primed temperature range utilizing an electrical heating assembly, such as electrical heating
assembly 172 of Fig. 1. In some such examples, the maintaining the fuel processor in the thermally
primed state includes utilizing the primary electrical output from the primary power source to heat the
fuel processor with the electrical heating assembly.

The initiating at 220 may include utilizing a portion of the initial electrical output from the fuel
cell stack to power and/or actuate one or more components of the HPFCS. As an example, the initiating
at 220 may include utilizing at least some of the portion of the initial electrical output to power the one or
more feed stream pumps, such as feed stream pump(s) 161 of Fig. 1, to selectively deliver the one or
more feed streams to the fuel processor. Thus, in some examples, at least a portion of the initiating at 220
is performed with and/or subsequent to the satisfying at 250.

Methods 200 further may include purifying generated hydrogen gas at 260. The purifying at 260
may include removing one or more impurities from the hydrogen gas prior to supply of the hydrogen gas
to the fuel cell stack. As an example, the fuel processor may include a purification assembly, such as
purification assembly 72 of Fig. 1. In such an example, the reforming region may be configured to
generate a mixed gas stream that includes hydrogen gas and other gasses, and the purification assembly
may be configured to separate the mixed gas stream into a purified hydrogen gas stream and a byproduct
stream. This is illustrated in Fig. 1, with purification assembly 72 receiving mixed gas stream 66 and
separating the mixed gas stream into a purified hydrogen stream 73 and a byproduct stream 74 that
includes other gasses 68. When methods 200 include the purifying at 260, the initiating at 265 may
include initiating supply of the purified hydrogen gas to the fuel cell stack as the generated hydrogen gas.

In some examples of the HPFCS, and as indicated in Fig. 1 at 78, the fuel processor may include

a buffer tank. In such examples, methods 200 further may include storing a volume of the generated
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hydrogen gas and/or of the purified hydrogen gas in the buffer tank prior to supply of the generated
hydrogen gas to the fuel cell stack. In some such examples, methods 200 further may include
pressurizing the buffer tank with the generated hydrogen gas and/or with the purified hydrogen gas. Such
a configuration may increase a stability in a pressure of the generated hydrogen gas as it is provided to
the fuel cell stack and/or may decrease a potential for pressure variation in the pressure of the generated
hydrogen gas subsequent to the initiating at 265.

Methods 200 further include initiating supply of generated hydrogen gas at 265, which may
include initiating supply of generated hydrogen gas from the fuel processor to the fuel cell stack. The
initiating at 265 may be performed subsequent to at least the threshold startup time for the fuel processor
and/or after the fuel processor has begun generating the generated hydrogen gas. Additionally or
alternatively, and when the HPFCS includes the buffer tank, the initiating at 265 may be performed
subsequent to pressurization of the buffer tank to at least a threshold buffer pressure with the generated
hydrogen gas.

In some examples, the initiating at 265 additionally or alternatively may include initiating supply
of the generated hydrogen gas to the fuel cell stack responsive to the fuel processor reaching the
hydrogen-producing state. As discussed herein, the fuel processor reaching the hydrogen-producing state
may include the fuel processor producing the generated hydrogen gas with a generated hydrogen gas
flow rate that is sufficient to satisfy the applied load. Additionally or alternatively, the fuel processor
reaching the hydrogen-producing state may include the fuel processor producing the generated hydrogen
gas with a generated hydrogen gas supply pressure that exceeds the stored hydrogen gas supply pressure
at which the stored hydrogen gas is provided to the fuel cell stack, and/or that is the threshold pressure
differential greater than the stored hydrogen gas supply pressure.

The threshold startup time for the fuel processor generally will include the time needed for the
fuel processor to reach the hydrogen-producing state and/or the time needed for the fuel processor to
produce sufficient generated hydrogen gas to satisfy the applied load. Examples of the threshold startup
time include times of at least 1 minute, at least 1.5 minutes, at least 2 minutes, at least 2.5 minutes, at
least 3 minutes, at least 3.5 minutes, at least 4 minutes, at least 4.5 minutes, at least 5 minutes, at most 30
minutes, at most 25 minutes, at most 20 minutes, at most 15 minutes, at most 10 minutes, at most 9
minutes, at most 8 minutes, at most 7 minutes, at most 6 minutes, at most 5 minutes, and/or at most 4
minutes. In general, and as discussed, the threshold startup time for the fuel processor is greater than the
threshold initial supply time for at least partially satisfying the applied load utilizing stored hydrogen gas.

The initiating at 265 may be controlled and/or regulated in any suitable manner. As an example,
the initiating at 265 may be controlled by and/or a result of the regulating at 270. As another example, the
initiating at 265 may include opening a generated hydrogen gas flow control valve, such as generated
hydrogen gas flow control valve 54 of Fig. 1, to initiate supply of the generated hydrogen gas to the fuel
cell stack. Additionally or alternatively, for examples in which the HPFCS includes generated hydrogen

gas check valve 76 discussed herein with reference to Fig. 1, the initiating at 265 may be performed
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and/or occur automatically with the generated hydrogen gas supply pressure exceeding, or being at least
the threshold pressure differential greater than, the stored hydrogen gas supply pressure.

Regulating the generated hydrogen gas supply pressure at 270 may include regulating the
generated hydrogen gas supply pressure at which the generated hydrogen gas is supplied to the fuel cell
stack and may be accomplished in any suitable manner. As an example, the HPFCS may include a
generated hydrogen gas pressure regulator, such as generated hydrogen gas pressure regulator 56 of
Fig. 1, which may be configured to regulate the generated hydrogen gas supply pressure.

The regulating at 270 may include ensuring that the generated hydrogen gas supply pressure is at
least a threshold pressure differential greater than the stored hydrogen gas supply pressure. Such a
configuration may cause the HPFCS to transition, or to automatically transition, from supply of the
stored hydrogen gas to the fuel cell stack to supply of the generated hydrogen gas to the fuel cell stack
responsive to initiation of the flow of the generated hydrogen gas to the fuel cell stack. Stated another
way, upon supply of the generated hydrogen gas to the fuel cell stack at a threshold pressure differential
greater than the stored hydrogen gas supply pressure, the stored hydrogen gas pressure regulator and/or
the stored hydrogen gas check valve may cease flow of the stored hydrogen gas to the fuel cell stack.

The regulating at 270 additionally or alternatively may include utilizing the generated hydrogen
gas check valve, such as generated hydrogen gas check valve 76 of Fig. 1, to regulate the generated
hydrogen gas supply pressure. More specifically, the regulating at 270 may include restricting flow of the
generated hydrogen gas to the fuel cell stack during the startup of the fuel processor and/or when the
generated hydrogen gas supply pressure is less than the threshold pressure differential of the stored
hydrogen gas supply pressure. The regulating at 270 also may include permitting, or automatically
permitting, flow of the generated hydrogen gas to the fuel cell stack when the generated hydrogen gas
supply pressure is or exceeds the threshold pressure differential greater than the stored hydrogen gas
supply pressure. In other words, the regulating at 270 may include automatically permitting flow of the
generated hydrogen gas to the fuel cell stack when the generated hydrogen gas supply pressure is greater
than the stored hydrogen gas supply pressure by at least the crack pressure of the generated hydrogen gas
check valve.

The threshold pressure differential may have any suitable magnitude. As examples, the threshold
pressure differential may be at least 0.25 kilopascal (kPa), at least 0.5 kPa, at least 0.75 kPa, at least 1
kPa, at least 2 kPa, at least 3 kPa, at least 4 kPa, or at least 5 kPa, at most 60 kPa, at most 50 kPa, at
most 40 kPa, at most 30 kPa, at most 20 kPa, at most 10 kPa, at most 8 kPa, at most 6 kPa, at most 5 kPa,
at most 4 kPa, and/or at most 3 kPa.

Methods 200 further include restricting flow of stored hydrogen gas at 275. The restricting at 275
may include ceasing supply of the stored hydrogen gas from the hydrogen storage device to the fuel cell
stack. The restricting may be performed utilizing the stored hydrogen gas check valve and/or the stored
hydrogen gas flow regulator to restrict or cease flow of the stored hydrogen gas to the fuel cell stack,

such as discussed herein in connection with the regulating at 270.
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The ceasing may be based upon and/or responsive to any suitable criteria. As examples, the
ceasing may be responsive and/or subsequent to the initiating at 265 and/or as a result of the regulating
at 270. The restricting at 275 also may be performed responsive to the fuel processor reaching the
hydrogen-producing state and/or responsive to the generated hydrogen gas supply pressure reaching
and/or exceeding the threshold pressure differential of the stored hydrogen gas supply pressure.

In some examples, methods 200 may include transitioning, or automatically transitioning, from
an initial configuration, in which the initial electrical output is being produced solely from stored
hydrogen gas, to a subsequent configuration, in which the subsequent electrical output is produced solely
from generated hydrogen gas. In some such examples, the transitioning may include immediately
transitioning from the initial configuration to the subsequent configuration. In some such examples, the
transitioning may include transitioning from the initial configuration to an intermediate configuration and
subsequently transitioning from the intermediate configuration to the subsequent configuration. When in
the intermediate configuration, the fuel cell stack may generate an intermediate electrical output that is
produced from both the stored hydrogen gas and the generated hydrogen gas. In other words, the
intermediate electrical output may include both the initial electrical output 42 and the subsequent
electrical output 46. This is illustrated in Fig. 1, with intermediate electrical output 44 being provided to
energy-consuming device 120 from fuel cell stack 30.

Consuming generated hydrogen gas at 280 may include consuming the generated hydrogen gas
with and/or within the fuel cell stack to produce and/or generate a subsequent electrical output from the
fuel cell stack. The consuming at 280 may be responsive to and/or a result of the initiating at 265. The
consuming at 280 may be performed in a manner that may be similar to the consuming at 240. For
example, the consuming at 280 may include providing the oxidant to the fuel cell stack, such as discussed
herein for the consuming at 240.

Satisfying the applied load with the subsequent electrical output at 285 may include at least
partially, or even completely, satisfying the applied load with the subsequent electrical output from the
fuel cell stack. As discussed herein with reference to the consuming at 240, the consuming at 280 may
include satisfying the portion of the applied load from energy-consuming device 120, which is illustrated
in Fig. 1 with subsequent electrical output 46 being provided from fuel cell stack 30 to energy-consuming
device 120.

It is within the scope of the present disclosure that the satisfying at 285 may include satisfying
the applied load solely with, or only utilizing, the subsequent electrical output. Stated another way, and
subsequent to the startup timeframe and/or subsequent to the threshold startup time, in which stored
hydrogen gas may be the only hydrogen gas provided to the fuel cell stack, the HPFCS may transition to
supplying only generated hydrogen gas to the fuel cell stack.

It is within the scope of the present disclosure that the hydrogen storage device may be
configured to be replenished. With this in mind, and subsequent to the restricting at 275, methods 200
further may include replacing the hydrogen storage device with a new, or with a filled, hydrogen storage

device. Additionally or alternatively, methods 200 may include refilling the hydrogen storage device with
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the generated hydrogen gas, which may be performed by permitting the fuel processor to produce
generated hydrogen gas while HPFCS 10 is not satisfying the applied load (e.g., while the primary power
source is satisfying the applied load) and directing the generated hydrogen gas to the hydrogen storage
device instead of to the fuel cell stack. In such an example, methods 200 further may include pressurizing
the generated hydrogen gas to a suitable storage pressure, which may be greater than the stored hydrogen
gas supply pressure. This is shown in Fig. 1 with a generated hydrogen gas diverting valve 180
configured to selectively deliver generated hydrogen gas 52 from fuel processor 50 to hydrogen storage
device 20 and a compressor 182 configured to selectively compress generated hydrogen gas 52 to the
storage pressure. Such a configuration may be suitable for situations in which the HPFCS is in a remote
location and/or in which replacement hydrogen storage devices are not readily available.

The hydrogen storage devices of methods 200 and/or hydrogen storage devices 20 of Fig. 1 may
include any suitable structure that may be adapted, configured, designed, sized, and/or constructed to
contain the volume of stored hydrogen gas and/or to supply, or to selectively supply, the stored hydrogen
gas to the fuel cell stack. As examples, the hydrogen storage device may include a hydrogen storage
vessel, such as a bottle or tank, and/or a hydride bed.

As discussed, the volume of stored hydrogen gas may be sufficient to operate the HPFCS and/or
to satisfy the applied load for at least the threshold initial supply time. For applied loads of
approximately 5 kilowatts and HPFCSs configured for threshold initial supply times on the order of 1-10
minutes, examples of the volume of stored hydrogen gas include volumes of at least 100 liters (L), at
least 150 L, at least 200 L, at least 250 L, at least 300 L, at least 350 L, at least 400 L, at least 450 L, at
least 500 L, at least 600 L, at least 700 L, at least 800 L, at least 900 L, at least 1,000 L, at least 1,500 L,
at least 2,000 L, at least 2,500 L, at least 3,000 L; at most 50,000 L, at most 10,000 L, at most 9,000 L, at
most 8,000 L, at most 7,000 L, at most 6,000 L, at most 5,000 L, at most 4,000 L, at most 3,000 L, and/or
at most 2,000 L of hydrogen gas at standard temperature and pressure.

The hydrogen gas storage capacity of the hydrogen storage device and/or the specific volume of
stored hydrogen gas may be selected for a given application, such as may be based, at least in part, on a
desired initial electrical output for the fuel cell stack, the magnitude of the applied load, and/or the
threshold startup time for the fuel processor. The hydrogen gas storage capacity of the hydrogen storage
device and/or the specific volume of stored hydrogen gas also may be selected based upon a desired
number of times that a given hydrogen storage device may be utilized prior to containing sufficient
hydrogen gas to perform methods 200. In some such examples, the hydrogen storage capacity of the
hydrogen storage device and/or the specific volume of stored hydrogen gas may be a threshold multiple
of the sufficient volume to at least partially satisfy the applied load during the satisfying at 250 and/or
that is consumed during the consuming at 240 of methods 200 for a given system. Examples of the
threshold multiple include at least 2, at least 3, at least 4, at least 6, at least 8, at least 10, at most 4, at
most 6, at most 8, at most 10, and/or at most 20.

The fuel cell stacks of methods 200 and/or fuel cell stacks 30 of Fig. 1 may include any suitable

structure that may be adapted, configured, designed, and/or constructed to receive hydrogen gas, such as
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the stored hydrogen gas and/or the generated hydrogen gas, and to generate the electrical output, such as
the initial electrical output and/or the subsequent electrical output, from the hydrogen gas and an oxidant.
As an example, and as illustrated in Fig. 1, fuel cell stacks 30 may include an anode 32, a cathode 34, and
an ion-permeable isolation structure 36. Ion-permeable isolation structure 36 may isolate, may fluidly
isolate, and/or may electrically isolate anode 32 from cathode 34. In such a configuration, hydrogen gas,
such as stored hydrogen gas 24 and/or generated hydrogen gas 52, may be provided to anode 32, and
oxidant 38 may be provided to cathode 34. The hydrogen gas may dissociate, at anode 32, into protons
and electrons. The protons may diffuse through ion-permeable isolation structure 36 to cathode 34 and
react with oxidant 38 therein. The electrons may travel through energy-consuming device 120 as
electrical output 40 before reuniting with the protons and the oxidant within cathode 34.

In some examples, ion-permeable isolation structure 36 may include and/or be a hydrocarbon
membrane and/or an ion-permeable polymer membrane, such as a sulfonated tetrafluorocthylene-based
flworopolymer. In such a configuration, the fuel cell stack also may be referred to herein as andfor may be
a polymer electrolyte membrane fuel cell stack. Some fuel cell stacks are configured to operate at
temperatures below 100 °C and thus may be referred to as low temperature fuel cell stacks. Others,
including other polymer electrolyte membrane fuel cells stacks, are configured to operate at temperatures
greater than 100 °C and thus may be referred to as high temperature fuel cell stacks. Additional examples
of high temperature fuel cell stacks include solid-oxide fuel cell (SOFC) stacks, molten carbonate fuel
cell (IMCFC) stacks, and phosphoric acid fuel cell (PAFC) stacks.

The reforming region of methods 200 and/or reforming region 60 of Fig. 1 may include any
suitable structure and/or may utilize any suitable process that generates hydrogen gas and/or the mixed
gas stream from the one or more feed streams. As an example, the reforming region may utilize a steam
reforming process and/or may be referred to herein as a steam reformer. Steam reformers typically
operate at temperatures in the range of 200 °C and 900 °C, and at pressures in the range of 50 psi and 300
psi, although temperatures and pressures outside of this range are within the scope of the disclosure.
When the carbon-containing feedstock is methanol, the hydrogen-producing steam reforming reaction
will typically operate in a temperature range of approximately 200-500 °C. Illustrative subsets of this
range include 350-450 °C, 375-425 °C, and 375-400 °C. When the carbon-containing feedstock is a
hydrocarbon, ethanol, or a similar alcohol, a temperature range of approximately 400-900 °C will
typically be used for the steam reforming reaction. Illustrative subsets of this range include 750-850 °C,
725-825 °C, 650-750 °C, 700-800 °C, 700-900 °C, 500-800 °C, 400-600 °C, and 600-800 °C. As another
example, the reforming region may utilize an autothermal reforming process and/or may be referred to
herein as an autothermal reformer.

The heating assembly of methods 200 and/or heating assembly 70 of Fig. 1 may include any
suitable structure that may be adapted, configured, designed, and/or constructed to heat the reforming
region to within the hydrogen-producing temperature range, and optionally to maintain the reforming
region in the thermally primed state. The heating assembly of methods 200 and/or heating assembly 70 of

Fig. 1 also may be configured to heat the purification assembly to, and/or to maintain the purification
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assembly in, the thermally primed state. As mentioned, heating assembly 70 may include electrical
heating assembly 172 that may utilize electric current from the primary power source to maintain at least
the reforming region in the thermally primed state. More specific examples of electrical heating
assembly 172 include resistive heating assemblies and/or inductive heating assemblies. Heating
assembly 70 additionally or alternatively may include burner assembly 171 or a combustion heating
assembly that may burn a fuel to heat the reforming region. In a specific example, the fuel may include
and/or be byproduct stream 74 of Fig. 1.

The purification assembly of methods 200 and/or purification assembly 72 of Fig. 1 may include
any suitable structure that may be adapted, configured, designed, and/or constructed to receive the mixed
gas stream, to purify the mixed gas stream, and/or to separate the mixed gas stream into the purified
hydrogen stream and the byproduct stream. Examples of purification assemblies 72 include membrane-
based separation assemblies, platinum membrane-based separation assemblies, palladium membrane-
based separation assemblies, and/or pressure swing adsorption assemblies.

Examples of suitable fuel processors 50, including reforming regions 60, heating assemblies 70,
purification assemblies 72, feed streams 61, hydrogen storage devices 20, fuel cell stacks 30, electrical
energy storage devices 86, primary power sources 100, and/or energy-consuming devices 120 are
disclosed in U.S. Patent Nos. 10,476,093, 7,659,019, and 7,972,420, and PCT Patent Application
Publication No. W02016178849, the complete disclosures of which are hereby incorporated by reference
herein.

The buffer tanks of methods 200 and/or buffer tanks 78 of Fig. 1 may include any suitable
structure that may be adapted, configured, designed, sized, and/or constructed to contain and/or house a
volume of generated hydrogen gas. An example of the buffer tank includes a pressure tank. The buffer
tank, when present, may have any suitable buffer tank volume, examples of which include buffer tank
volumes of at least 2 liters, at least 4 liters, at least 6 liters, at least 8 liters, at least 10 liters, at least 12
liters, at least 14 liters, at least 16 liters, at least 18 liters, at least 20 liters, at most 40 liters, at most 35
liters, at most 30 liters, at most 23 liters, at most 20 liters, and/or at most 15 liters.

The primary power detectors of methods 200 and/or primary power detectors 80 of Fig. 1 may
include any suitable structure that may be adapted, configured, designed, and/or constructed to detect the
inability of the primary power source to satisfy the applied load. Examples of the detectors include a
voltage detector, a volt meter, an electric current detector, and/or an electric current meter.

The electrical energy storage device of methods 200 and/or electrical energy storage device 86 of
Fig. 1 may include any suitable structure that may store electrical energy and/or that may selectively
provide the stored electrical current to the applied load and/or the energy-consuming device. Examples of
electrical energy storage devices that may be or may be included in the electrical energy storage device
of the present disclosure include one or more of any suitable battery, capacitor, supercapacitor, ultra-
capacitor, and/or fly wheel.

As discussed in more detail herein, conventional HPFCSs that are utilized for backup power

applications often will include electrical energy storage devices, and the electrical energy storage devices
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may be utilized to provide the stored electrical current when other sources of electric current, such as the
primary power source and/or the fuel cell stack, are unable to do so. Methods 200, which are disclosed
herein with reference to Fig. 2, and/or HPFCS 10 discussed herein with reference to Fig. 1, decrease an
overall timeframe during which the electrical energy storage device must provide the stored electrical
current and/or decrease a needed storage capacity for the electrical energy storage device when compared
to conventional HPFCSs and/or conventional methods of operating conventional HPFCSs, and more
specifically those which do not include utilizing stored hydrogen gas. With this in mind, an overall
storage capacity of the electrical energy storage device utilized in HPFCS 10 and/or with methods 200
according to the present disclosure may be less than a threshold fraction of a comparable overall energy
storage capacity of a comparable, or conventional, electrical energy storage device of a comparable, or
conventional, HPFCS that does not include the hydrogen storage device and/or that does not perform
methods 200. Examples of the threshold fraction of the comparable overall energy storage capacity is less
than 50%, less than 40%, less than 30%, less than 20%, or less than 10% of the comparable overall
energy storage capacity. The threshold fraction of the comparable overall energy storage capacity
additionally or alternatively may be a ratio of any of the threshold initial supply times discussed herein to
any of the threshold startup times discussed herein.

As more specific examples, electrical energy storage device 86 of HPFCS 10 and/or the electrical
energy storage device utilized with methods 200 may include an overall energy storage capacity of at
least 5 amp hour (A h), at least 10 A h, at least 15 A h, at least 20 A h, at least 25 A h, at least 30 A h, at
least 35 A h, at least 40 A h, at least 45 A h, at least 50 A h, at least 55 A h, at least 60 A h, at most 10 A
h, at most 15 A h, at most 20 A h, at most 25 A h, at most 30 A h, at most 35 A h, at most 40 A h, at
most 45 A h, at most 50 A h, at most 55 A h, at most 60 A h, at most 65 A h, at most 70 A h, at most 80
A h, at most 90 A h, and/or at most 100 A h.

The electrical energy storage device included in and/or utilized by a comparable, or conventional,
HPFCS that does not include hydrogen storage device 20 and/or that does not perform methods 200, may
require at least one, and typically a plurality of, batteries due to the relatively large energy storage
capacity of a battery as compared to other types of electrical energy storage devices. Due to the lower
overall energy storage capacity requirement of the energy storage device in HPFCS 10 and/or that
utilized in methods 200, the electrical energy storage device 86 of HPFCS 10 and/or that utilized in
methods 200 may not include any batteries and/or may only utilize electrical energy storage devices other
than batteries, for example, any suitable combination of one or more of the electrical energy storage
devices discussed herein other than batteries.

For examples in which HPFCS 10 is configured for black start and/or in which methods 200
include maintaining the energy-consuming device in an unpowered state prior to supply of the initial
electrical output to the energy-consuming device, the electrical energy storage device of the HPFCS may
only include and/or require an energy storage capacity that is sufficient to power the components of the
HPFCS during the threshold initial supply time, with examples of such components including

controller 90, stored hydrogen gas flow control valve 28, and/or stored hydrogen gas pressure
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detector 121. In such examples, electrical energy storage device 86 may include a capacitor and/or a
plurality of capacitors.

As illustrated in dashed lines in Fig. 1, HPFCS 10 may include a controller 90. Controller 90,
when present, may be adapted, configured, and/or programmed to control the operation of at least a
portion of HPFCS 10. As examples, and as illustrated in dotted lines in Fig. 1, controller 90 may be
programmed to send one or more control signals 92 to one or more components of HPFCS 10, such as
stored hydrogen gas pressure regulator 26, stored hydrogen gas flow control valve 28, generated
hydrogen gas flow control valve 54, and/or generated hydrogen gas pressure regulator 56, to control the
operation thereof. In some examples, controller 90 also is in communication with and configured to
receive detector signals 93 from one or more detectors of HPFCS 10. Examples of such detectors include
stored hydrogen gas pressure detector 121, generated hydrogen gas flow detector 176, and/or generated
hydrogen gas pressure detector 178. In such examples, controller 90, may be adapted, configured, and/or
programmed to control the operation of the one or more corresponding components of the HPFCS
responsive to receipt of a detector signal 93, and/or based upon the information conveyed in the detector
signal, such as discussed herein with reference to Fig. 1 and HPFCS 10 and/or with reference to Fig. 2
and methods 200. As an example, controller 90 may be configured to receive a detector signal 93 from
stored hydrogen gas pressure detector 121, determine the volume and/or pressure of stored hydrogen
gas 24 in hydrogen storage device 20 based on the detector signal 93, and selectively open stored
hydrogen gas flow control valve 28 when the volume and/or pressure of stored hydrogen gas 24 in
hydrogen storage device 20 is adequate to satisfy the applied load during the threshold startup time
and/or the startup timeframe.

Controller 90 may include and/or be any suitable structure, device, and/or devices that may be
adapted, configured, designed, constructed, and/or programmed to perform the functions discussed
herein. As examples, controller 90 may include one or more of an electronic controller, a dedicated
controller, a special-purpose controller, a personal computer, a special-purpose computer, a display
device, a logic device, a memory device, and/or a memory device having computer-readable storage
media.

The computer-readable storage media, when present, also may be referred to herein as non-
transitory computer readable storage media. This non-transitory computer readable storage media may
include, define, house, and/or store computer-executable instructions, programs, and/or code. These
computer-executable instructions may direct HPFCS 10 and/or controller 90 thereof to perform any
suitable portion, or subset, of methods 200. Examples of such non-transitory computer-readable storage
media include CD-ROMs, disks, hard drives, flash memory, etc. As used herein, storage, or memory,
devices and/or media having computer-executable instructions, as well as computer-implemented
methods and other methods according to the present disclosure, are considered to be within the scope of
subject matter deemed patentable in accordance with Section 101 of Title 35 of the United States Code.

The check valves of methods 200, generated hydrogen gas check valve 76, and/or stored
hydrogen gas check valve 77 of Fig. 1 may include any suitable structure that may be adapted,

32



10

15

20

25

30

35

WO 2021/236810 PCT/US2021/033224

configured, designed, and/or constructed to permit fluid flow in a first direction, such as from the fuel
processor to the fuel cell stack, and to resist, or block, fluid flow in a second direction that is opposed to
the first direction, such as from the hydrogen storage device and/or from the fuel cell stack to the fuel
processor. An example of the check valve includes a ball and seat check valve, a diaphragm check valve,
a stop check valve, a two-way check valve, and/or a three-way check valve.

The check valves, when present, may be configured to have a relatively low crack pressure.
Examples of the crack pressure include crack pressures of at least (.25 kilopascal (kPa), at least 0.5 kPa,
at least 0.75 kPa, at least 1 kPa, at least 2 kPa, at least 3 kPa, at least 4 kPa, or at least 5 kPa, at most 60
kPa, at most 50 kPa, at most 40 kPa, at most 30 kPa, at most 20 kPa, at most 10 kPa, at most 8 kPa, at
most 6 kPa, at most 4 kPa, or at most 2 kPa.

The pressure regulators of methods 200, and/or the pressure regulators of Fig. 1 including stored
hydrogen gas pressure regulator 26 and/or the generated hydrogen gas pressure regulator 56, may include
any suitable structure that may be adapted, configured, designed, and/or constructed to control and/or
regulate the pressure of the corresponding fluid as supplied to the fuel cell stack. Similarly, the pressure
regulators of Fig. 1, including stored hydrogen gas pressure regulator 26 and/or generated hydrogen gas
pressure regulator 56, may include any suitable structure that may be adapted, configured, designed,
and/or constructed to control and/or regulate the pressure of the corresponding fluid as supplied to the
fuel cell stack. An example of the pressure regulators includes a pressure reduction regulator.

The primary power sources of methods 200 and/or primary power sources 100 of Fig. 1 may
include any suitable structure that may be configured to satisfy the applied load. Examples of the primary
power source include an AC primary power source, a DC primary power source, an electrical grid, and/or
a generator.

The energy-consuming device of methods 200 and/or energy-consuming device 120 of Fig. 1
may include any suitable structure that may be adapted, configured, designed, and/or constructed to
receive electrical energy from the primary power source, to receive electrical energy from the HPFCS, to
apply at least a portion of the applied load to the primary power source, and/or to apply at least a portion
of the applied load to the HPFCS. In some examples, the energy-consuming devices may include
remotely installed devices that may be a significant distance from cities and/or maintenance crews. In a
more specific example, the energy-consuming devices may include telecommunications equipment, such
as a cellular phone tower. In another specific example, the energy-consuming devices may include
emergency communications equipment, including terrestrial trunked radio systems, base stations,
switches, and/or microwave towers. Additional examples of energy-consuming devices include signaling
and communications equipment, hospital and life-support equipment, surveillance equipment, radios,
battery chargers, one or more households, one or more residences, one or more office buildings, and/or
one or more neighborhoods.

In the present disclosure, several of the illustrative, non-exclusive examples have been discussed
and/or presented in the context of flow diagrams, or flow charts, in which the methods are shown and

described as a series of blocks, or steps. Unless specifically set forth in the accompanying description, it
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is within the scope of the present disclosure that the order of the blocks may vary from the illustrated
order in the flow diagram, including with two or more of the blocks (or steps) occurring in a different
order and/or concurrently. It is also within the scope of the present disclosure that the blocks, or steps,
may be implemented as logic, which also may be described as implementing the blocks, or steps, as
logics. In some applications, the blocks, or steps, may represent expressions and/or actions to be
performed by functionally equivalent circuits or other logic devices. The illustrated blocks may, but are
not required to, represent executable instructions that cause a computer, processor, and/or other logic
device to respond, to perform an action, to change states, to generate an output or display, and/or to make
decisions.

As used herein, the term “and/or” placed between a first entity and a second entity means one of
(1) the first entity, (2) the second entity, and (3) the first entity and the second entity. Multiple entities
listed with “and/or” should be construed in the same manner, i.e., “one or more” of the entities so
conjoined. Other entities may optionally be present other than the entities specifically identified by the
“and/or” clause, whether related or unrelated to those entities specifically identified. Thus, as a non-
limiting example, a reference to “A and/or B,” when used in conjunction with open-ended language such
as “comprising” may refer, in one embodiment, to A only (optionally including entities other than B); in
another embodiment, to B only (optionally including entities other than A); in yet another embodiment,
to both A and B (optionally including other entities). These entities may refer to elements, actions,
structures, steps, operations, values, and the like.

As used herein, the phrase “at least one,” in reference to a list of one or more entities should be
understood to mean at least one entity selected from any one or more of the entities in the list of entities,
but not necessarily including at least one of each and every entity specifically listed within the list of
entities and not excluding any combinations of entities in the list of entities. This definition also allows
that entities may optionally be present other than the entities specifically identified within the list of
entities to which the phrase “at least one” refers, whether related or unrelated to those entities specifically
identified. Thus, as a non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A
or B,” or, equivalently “at least one of A and/or B”) may refer, in one embodiment, to at least one,
optionally including more than one, A, with no B present (and optionally including entities other than B);
in another embodiment, to at least one, optionally including more than one, B, with no A present (and
optionally including entities other than A); in yet another embodiment, to at least one, optionally
including more than one, A, and at least one, optionally including more than one, B (and optionally

9 <

including other entities). In other words, the phrases “at least one,” “one or more,” and “and/or” are
open-ended expressions that are both conjunctive and disjunctive in operation. For example, each of the
expressions “at least one of A, B, and C,” “at least one of A, B, or C,” “one or more of A, B, and C,”
“one or more of A, B, or C,” and “A, B, and/or C” may mean A alone, B alone, C alone, A and B
together, A and C together, B and C together, A, B, and C together, and optionally any of the above in

combination with at least one other entity.
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In the event that any patents, patent applications, or other references are incorporated by
reference herein and (1) define a term in a manner that is inconsistent with and/or (2) are otherwise
inconsistent with, either the non-incorporated portion of the present disclosure or any of the other
incorporated references, the non-incorporated portion of the present disclosure shall control, and the term
or incorporated disclosure therein shall only control with respect to the reference in which the term is
defined and/or the incorporated disclosure was present originally.

As used herein the terms “adapted” and “configured” mean that the element, component, or other
subject matter is designed and/or intended to perform a given function. Thus, the use of the terms
“adapted” and “configured” should not be construed to mean that a given element, component, or other
subject matter is simply “capable of” performing a given function but that the element, component,
and/or other subject matter is specifically selected, created, implemented, utilized, programmed, and/or
designed for the purpose of performing the function. It is also within the scope of the present disclosure
that elements, components, and/or other recited subject matter that is recited as being adapted to perform
a particular function may additionally or alternatively be described as being configured to perform that
function, and vice versa.

As used herein, the phrase, “for example,” the phrase, “as an example,” and/or simply the term
“example,” when used with reference to one or more components, features, details, structures,
embodiments, and/or methods according to the present disclosure, are intended to convey that the
described component, feature, detail, structure, embodiment, and/or method is an illustrative, non-
exclusive example of components, features, details, structures, embodiments, and/or methods according
to the present disclosure. Thus, the described component, feature, detail, structure, embodiment, and/or
method is not intended to be limiting, required, or exclusive/exhaustive; and other components, features,
details, structures, embodiments, and/or methods, including structurally and/or functionally similar
and/or equivalent components, features, details, structures, embodiments, and/or methods, are also within
the scope of the present disclosure.

As used herein, “at least substantially,” when modifying a degree or relationship, may include
not only the recited “substantial” degree or relationship, but also the full extent of the recited degree or
relationship. A substantial amount of a recited degree or relationship may include at least 75% of the
recited degree or relationship. For example, an object that is at least substantially formed from a material
includes objects for which at least 75% of the objects are formed from the material and also includes
objects that are completely formed from the material. As another example, a first length that is at least
substantially as long as a second length includes first lengths that are within 75% of the second length
and also includes first lengths that are as long as the second length.

Mlustrative, non-exclusive examples of hydrogen-producing fuel cell systems and methods of
operating hydrogen-producing fuel cell systems according to the present disclosure are presented in the
following enumerated paragraphs. It is within the scope of the present disclosure that an individual step
of a method recited herein, including in the following enumerated paragraphs, may additionally or

alternatively be referred to as a “step for” performing the recited action.
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Al. A method of initiating operation of a hydrogen-producing fuel cell system (HPFCS), the
method comprising:

detecting an inability of a primary power source to satisfy an applied load;

responsive to the detecting, initiating supply of stored hydrogen gas from a hydrogen storage
device of the HPFCS to a fuel cell stack of the HPFCS, consuming the stored hydrogen gas with the fuel
cell stack to produce an initial electrical output from the fuel cell stack, and at least partially satisfying
the applied load with the initial electrical output;

initiating startup of a fuel processor of the HPFCS; and

subsequent to at least a threshold startup time for the fuel processor, initiating supply of
generated hydrogen gas from the fuel processor to the fuel cell stack, consuming the generated hydrogen
gas with the fuel cell stack to produce a subsequent electrical output from the fuel cell stack, and at least
partially satisfying the applied load with the subsequent electrical output.

A2. The method of paragraph Al, wherein the detecting includes detecting a decrease in a
monitored voltage.

A3. The method of paragraph A2, wherein the monitored voltage is at least one of:

(1) a primary voltage of the primary power source configured to provide a primary electric
current to the applied load;

(ii) a grid voltage of an electrical grid configured to provide a grid electric current to the
applied load; and

(iii) an energy storage device voltage of an electrical energy storage device configured to
provide stored electrical current to the applied load.

Ad. The method of any of paragraphs A2-A3, wherein the detecting the decrease in the
monitored voltage includes detecting a voltage decrease of at least one of:

@) at least 0.5 volts, at least 1 volt, at least 1.5 volts, at least 2 volts, at least 2.5 volts, at
least 3 volts, at least 4 volts, or at least 5 volts; and

(ii) at most 10 volts, at most 9 volts, at most 8 volts, at most 7 volts, at most 6 volts, at
most 5 volts, at most 4 volts, or at most 3 volts.

AS. The method of any of paragraphs A1-A4, wherein the hydrogen storage device includes
a volume of stored hydrogen gas, and further wherein the initiating supply of stored hydrogen gas
includes flowing a portion of the volume of stored hydrogen gas from the hydrogen storage device to the
fuel cell stack.

A6. The method of paragraph A5, wherein the volume of stored hydrogen gas has a
magnitude of at least one of:

@) at least 100 liters (L), at least 150 L, at least 200 L, at least 250 L, at least 300 L, at
least 350 L, at least 400 L, at least 450 L, at least 500 L, at least 600 L, at least 700 L, at least 800 L, at
least 900 L, at least 1,000 L, at least 1,500 L, at least 2,000 L, at least 2,500 L, or at least 3,000 L; and

(ii) at most 50,000 L, at most 10,000 L, at most 9,000 L, at most 8,000 L, at most 7,000 L, at
most 6,000 L, at most 5,000 L, at most 4,000 L, at most 3,000 L, or at most 2,000 L.
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A7. The method of any of paragraphs A1-A6, wherein the hydrogen storage device includes
a hydrogen storage bottle.

A8. The method of any of paragraphs Al-A7, wherein the initiating supply of stored
hydrogen gas includes providing the stored hydrogen gas to the fuel cell stack at a stored hydrogen gas
supply pressure.

A9. The method of any of paragraphs A1-A8, wherein the fuel cell stack includes an anode, a
cathode, and an ion-permeable isolation structure that fluidly isolates the anode from the cathode,
wherein the initiating supply of stored hydrogen gas includes providing the stored hydrogen gas to the
anode of the fuel cell stack, and wherein the initiating supply of generated hydrogen gas includes
providing the generated hydrogen gas to the anode of the fuel cell stack.

Al The method of paragraph A9, wherein the method further includes providing an oxidant
to the cathode, optionally wherein the oxidant includes at least one of air and oxygen gas.

All. The method of any of paragraphs A1-A10, wherein the apphied load is from one or more
of the HPFCS and one or more energy-consuming devices.

Al12.  The method of any of paragraphs A1-All, wherein the intiating the startup of the fuel
processor is performed at least partially concuerently with the consuming the stored hydrogen gas with
the fuel cell stack to produce the initial electrical output.

Al13.  The method of paragraph A12, wherein the initating the startup of the foel processor
includes utilizing a portion of the initial electrical output to power one or more components of the fuel
PrOCEssor.

Al4. The method of any of paragraphs A1-A13, wherein the at least partially satisfying the
applied load with the initial electrical output includes satisfying the applied load solely with the initial
electrical output.

Al5. The method of any of paragraphs Al-Al4, wherein the at least partially satisfying the
applied load with the initial electrical output includes at least partially satisfying the applied load with the
initial electrical output during a startup timeframe that includes the threshold startup time and in which
the stored hydrogen gas is the only hydrogen gas provided to the fuel cell stack.

A16. The method of any of paragraphs A1-A15, wherein the method further includes at least
partially satisfying the applied load with the initial electrical output within a threshold initial supply time.

A17. The method of paragraph A16, wherein the initial supply time is at least one of:

@) at least 5 seconds (s), at least 10 s, at least 15 s, at least 20 s, at least 25 s, at least 30 s, at
least 35 s, at least 40 s, or at least 45 s; and

(ii) at most 120 s, at most 110 s, at most 100 s, at most 90 s, at most 80 s, at most 70 s, at
most 60 s, at most 50 s, at most 40 s, at most 30 s, or at most 20 s.

A18. The method of any of paragraphs A16-A17, wherein the initial supply time is less than a
threshold fraction of the threshold startup time for the fuel processor, optionally wherein the threshold
fraction is less than 80%, less than 70%, less than 60%, less than 50%, less than 40%, less than 30%, less
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than 25%, less than 20%, less than 15%, less than 10%, or less than 5% of the threshold startup time for
the fuel processor.

A19. The method of any of paragraphs Al-Al18, wherein the initiating startup of the fuel
processor includes at least one of:

i) initiating supply of a carbon-containing feedstock to a reforming region of the fuel
processor; and

(ii) initiating supply of methanol and water to the reforming region.

A20. The method of any of paragraphs A1-A19, wherein the initiating startup of the fuel
processor includes heating a/the reforming region of the fuel processor to a hydrogen-producing
temperature range.

A21. The method of any of paragraphs A1-A20, wherein the fuel processor is a thermally
primed fuel processor, wherein the method further includes maintaining the fuel processor at a thermally
primed temperature prior to the detecting.

A22. The method of paragraph A21, wherein the thermally primed temperature is at least one
of:

@) at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, or at least 95% of a lower value of the hydrogen-producing
temperature range as measured in degrees Celsius;

(ii) at most 100%, at most 95%, at most 90%, at most 85%, at most 80%, or at most 75% of
an upper value of the hydrogen-producing temperature range as measured in degrees Celsius; and

(iii))  within the hydrogen-producing temperature range.

A23. The method of any of paragraphs A21-A22, wherein the hydrogen-producing
temperature range is at least one of:

@) at least 200 degrees Celsius (°C), at least 225 °C, at least 250 °C, at least 275 °C, at
least 300 °C, at least 325 °C, at least 350 °C, at least 375 °C, at least 400 °C, at least 425 °C, at least 450
°C, at least 475 °C, at least 500 °C, at least 525 °C, at least 550 °C, at least 575 °C, at least 600 °C, at
least 625 °C, at least 650 °C, at least 675 °C, at least 700 °C, at least 725 °C, or at least 750 °C; and

(ii) at most 900 °C, at most 875 °C, at most 850 °C, at most 825 °C, at most 800 °C, at
most 775 °C, at most 750 °C, at most 725 °C, at most 700 °C, at most 675 °C, at most 650 °C, at most 625
°C, at most 600 °C, at most 575 °C, at most 550 °C, at most 525 °C, at most 500 °C, at most 475 °C, at
most 450 °C, at most 425 °C, or at most 400 °C.

A24. The method of any of paragraphs A21-A22, wherein the initiating startup of the fuel
processor includes increasing a temperature of the fuel processor from a thermally primed temperature to
a/the hydrogen-producing temperature range.

A25. The method of any of paragraphs Al1-A24, wherein the fuel processor includes a
purification assembly, wherein the method includes purifying the generated hydrogen gas with the

purification assembly to generate purified hydrogen gas, and further wherein the initiating supply of
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generated hydrogen gas to the fuel cell stack includes initiating supply of the purified hydrogen gas to the
fuel cell stack.

A26. The method of any of paragraphs A1-A25, wherein the initiating supply of generated
hydrogen gas includes initiating the supply of generated hydrogen gas responsive to the fuel processor
reaching a hydrogen-producing state in which a generated hydrogen gas flow rate of the generated
hydrogen gas is sufficient to satisfy the applied load.

A27. The method of any of paragraphs A1-A26, wherein the initiating the supply of generated
hydrogen gas includes initiating the supply of generated hydrogen gas responsive to a generated
hydrogen gas supply pressure of the generated hydrogen gas exceeding a/the stored hydrogen gas supply
pressure at which the stored hydrogen gas is provided to the fuel cell stack.

A28. The method of any of paragraphs A1-A27, wherein the threshold startup time is
at least one of:

@) at least 30 seconds, at least 1 minute, at least 1.5 minutes, at least 2 minutes, at least 2.5
minutes, at least 3 minutes, at least 3.5 minutes, at least 4 minutes, at least 4.5 minutes, or at least 5
minutes; and

(ii) at most 30 minutes, at most 25 minutes, at most 20 minutes, at most 15 minutes, at
most 10 minutes, at most 9 minutes, at most 8 minutes, at most 7 minutes, at most 6 minutes, at most 5
minutes, at most 4 minutes, or at most 2 minutes.

A29. The method of any of paragraphs A1-A28, wherein the at least partially satisfying the
applied load with the subsequent electrical output includes satisfying the applied load solely with the
subsequent electrical output.

A30. The method of any of paragraphs A1-A29, wherein the at least partially satisfying the
applied load with the subsequent electrical output includes at least partially satisfying the applied load
with the subsequent electrical output subsequent to a/the startup timeframe in which the stored hydrogen
gas is the only hydrogen gas provided to the fuel cell stack.

A31. The method of any of paragraphs A1-A30, wherein the method further includes ceasing
the supply of stored hydrogen gas from the hydrogen storage device to the fuel cell stack.

A32.  The method of paragraph A31, wherein the ceasing is at least one of:

1) subsequent to the initiating the supply of generated hydrogen gas; and

(ii) responsive to the initiating the supply of generated hydrogen gas.

A33. The method of any of paragraphs A31-A32, wherein, subsequent to the ceasing, the
method further includes at least one of:

1 replacing the hydrogen storage device with a filled hydrogen storage device; and

(ii) refilling the hydrogen storage device with the generated hydrogen gas.

A34. The method of any of paragraphs A1-A33, wherein the HPFCS further includes
an electrical energy storage device configured to selectively provide a stored electrical current to the

applied load.
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A35. The method of paragraph A34, wherein, responsive to the detecting, the method further
includes initiating supply of the stored electrical current to the applied load.

A36. The method of paragraph A35, wherein the initiating the supply of the stored electrical
current to the applied load is at least partially concurrent with the initiating the supply of stored hydrogen
gas from the hydrogen storage device to the fuel cell stack.

A37. The method of A36, wherein the HPFCS comprises a stored hydrogen gas flow control
valve configured to selectively permit or block flow of the stored hydrogen gas to the fuel cell stack, and
wherein the initiating the supply of the stored electrical current comprises utilizing a portion of the stored
electrical current to open the stored hydrogen gas flow control valve and to permit flow of the stored
hydrogen gas to the fuel cell stack.

A38. The method of any of paragraphs A35-A37, wherein the electrical energy storage device
includes at least one of’:

@) at least one battery;

(ii) at least one capacitor;

(iii) at least one super capacitor; and

@iv) at least one fly wheel.

A39. The method of paragraph A38, wherein the electrical energy storage device does not
include the at least one battery.

A40. The method of any of paragraphs A34-A39, wherein an overall storage capacity of the
electrical energy storage device is less than a threshold fraction of a comparable overall energy storage
capacity of a comparable electrical energy storage device of a comparable HPFCS that does not include
the hydrogen storage device, optionally wherein the threshold fraction of the comparable overall energy
storage capacity is less than 50%, less than 40%, less than 30%, less than 20%, or less than 10%.

A41. The method of any of paragraphs A1-A40, wherein the method further includes
regulating a/the stored hydrogen gas supply pressure at which the stored hydrogen gas is supplied to the
fuel cell stack.

A42. The method of paragraph A41, wherein the regulating the stored hydrogen gas supply
pressure includes utilizing a stored hydrogen gas pressure regulator of the HPFCS.

A43. The method of any of paragraphs A1-A42, wherein the method further includes
regulating a/the generated hydrogen gas supply pressure at which the generated hydrogen gas is supplied
to the fuel cell stack.

Ad4.  The method of paragraph A43, wherein the regulating the generated hydrogen gas supply
pressure includes utilizing a generated hydrogen gas pressure regulator and/or a generated hydrogen gas
check valve of the HPFCS.

A45. The method of any of paragraphs A41-A44, wherein the regulating the generated
hydrogen gas supply pressure includes ensuring that the generated hydrogen gas supply pressure is at

least a threshold pressure differential greater than a/the stored hydrogen gas supply pressure.
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A46. The method of paragraph A45, wherein the threshold pressure differential is at least one
of:

@) at least 0.25 kilopascal (kPa), at least 0.5 kPa, at least 0.75 kPa, at least 1 kPa, at least 2
kPa, at least 3 kPa, at least 4 kPa, or at least 5 kPa; and

(ii) at most 60 kPa, at most 50 kPa, at most 40 kPa, at most 30 kPa, at most 20 kPa, at
most 10 kPa, at most 8 kPa, at most 6 kPa, at most 5 kPa, at most 4 kPa, or at most 3 kPa.

A47. The method of any of paragraphs Al-A46, wherein the method further includes
restricting flow of the stored hydrogen gas to the fuel processor.

A48. The method of paragraph A47, wherein the restricting includes utilizing a/the generated
hydrogen gas check valve to restrict flow of the stored hydrogen gas to the fuel processor.

A49. The method of any of paragraphs A1-A48, wherein the HPFCS further includes a buffer
tank, and further wherein the method includes storing a volume of the generated hydrogen gas in the
buffer tank prior to supply of the generated hydrogen gas to the fuel cell stack.

A50. The method of any of paragraphs A1-A49, wherein the method further includes
automatically transitioning from an initial configuration, in which the initial electrical output is solely
produced from the stored hydrogen gas, to a subsequent configuration, in which the subsequent electrical
output is solely produced from generated hydrogen gas.

A51. The method of paragraph AS50, wherein the automatically transitioning includes
immediately transitioning from the initial configuration to the subsequent configuration.

A52.  The method of any of paragraphs A50-A51, wherein the automatically transitioning
includes transitioning from the initial configuration to an intermediate configuration and subsequently
transitioning from the intermediate configuration to the subsequent configuration, wherein, when in the
intermediate configuration, the fuel cell stack generates an intermediate electrical output that is produced
from both the stored hydrogen gas and the generated hydrogen gas.

A53.  The method of any of paragraphs A1-A52, wherein, prior to the initiating the supply of
stored hydrogen gas, the method further includes determining that the volume of stored hydrogen gas
included in the hydrogen storage device is sufficient to provide the stored hydrogen gas to the fuel cell
stack for at least the threshold startup time for the fuel processor, optionally at a stored hydrogen gas
flow rate that is sufficient to at least partially satisfy the applied load.

A54. The method of paragraph AS53, wherein, responsive to the determining, the method
further includes selectively permitting the fuel cell stack to produce the initial electrical output.

A55.  The method of any of paragraphs A1-A54, wherein at least a portion of the applied load
is from an energy-consuming device, and wherein the detecting includes detecting an absence of a
primary electrical output to the energy-consuming device from the primary power source.

A56. The method of paragraph AS55, wherein the method further includes maintaining the
energy-consuming device in an unpowered state subsequent to the detecting and prior to supply of the

initial electrical output to the energy-consuming device from the fuel cell stack.
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A57. The method of paragraph A56, wherein the method further includes starting up the
energy-consuming device responsive to receipt of the initial electrical output from the fuel cell stack.

A58. The method of any of paragraphs A1-A57, wherein the HPFCS is the HPFCS of any of
paragraphs B1-B47.

B1. A hydrogen-producing fuel cell system (HPFCS), comprising:

a fuel cell stack configured to receive an oxidant and hydrogen gas and to generate an electrical
output from the oxidant and hydrogen gas;

a fuel processor configured to receive one or more feed streams and to react the one or more feed
streams to produce generated hydrogen gas; and

a hydrogen storage device configured to store a volume of stored hydrogen gas;

wherein the fuel cell stack is configured to at least partially satisfy an applied load with the
electrical output when a primary power source that normally is adapted to satisfy the applied load is not
providing a primary electrical output to satisfy the applied load, wherein the HPFCS is configured to
detect an inability of the primary power source to satisfy the applied load, and wherein responsive to a
detection of the inability of the primary power source to satisfy the applied load, the HPFCS is
configured to:

initiate a startup of the fuel processor;

supply the stored hydrogen gas to the fuel stack to produce an initial electrical output
from the stored hydrogen gas during the startup of the fuel processor and to at least partially satisfy the
applied load with the initial electrical output; and

supply the generated hydrogen gas to the fuel cell stack to produce a subsequent
electrical output from the generated hydrogen gas when the fuel processor reaches a hydrogen-producing
state from the startup and to at least partially satisfy the applied load with the subsequent electrical
output.

B2. The HPFCS of paragraph B1, wherein the fuel processor comprises a reforming region
that contains a reforming catalyst, wherein the reforming region is configured to receive the one or more
feed streams and produce from the one or more feed streams a mixed gas stream containing the generated
hydrogen gas as a majority component.

B3. The HPFCS of paragraph B2, wherein the one or more feed streams include water and a
carbon-containing feedstock.

B4. The HPFCS of any of paragraphs B2-B3, wherein the reforming region is configured to
produce the mixed gas stream from the one or more feed streams when the reforming region is heated to
within a hydrogen-producing temperature range.

BS. The HPFCS of paragraph B4, wherein the hydrogen-producing temperature range is at
least one of:

@) at least 200 degrees Celsius (°C), at least 225 °C, at least 250 °C, at least 275 °C, at
least 300 °C, at least 325 °C, at least 350 °C, at least 375 °C , at least 400 °C, at least 425 °C, at least 450
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°C, at least 475 °C, at least 500 °C, at least 525 °C, at least 550 °C, at least 575 °C, at least 600 °C, at
least 625 °C, at least 650 °C, at least 675 °C, at least 700 °C, at least 725 °C, or at least 750 °C; and

(ii) at most 900 °C, at most 875 °C, at most 850 °C, at most 825 °C, at most 800 °C, at
most 775 °C, at most 750 °C, at most 725 °C, at most 700 °C, at most 675 °C, at most 650 °C, at most 625
°C, at most 600 °C, at most 575 °C, at most 550 °C, at most 525 °C, at most 500 °C, at most 475 °C, at
most 450 °C, at most 425 °C, or at most 400 °C.

B6. The HPFCS of any of paragraphs B2-B35, further comprising a heating assembly
configured to maintain the reforming region within the hydrogen-producing temperature range.

B7. The HPFCS of paragraph B6, wherein the heating assembly is configured to maintain the
reforming region at or above a thermally primed temperature when the reforming region is not receiving
the one or more feed streams.

BS. The HPFCS of paragraph B7, wherein the thermally primed temperature is at least one
of:

@) at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, or at least 95% of a lower value of the hydrogen-producing temperature
range as measured in degrees Celsius;

(ii) at most 100%, at most 95%, at most 90%, at most 85%, at most 80%, or at most 75% of
an upper value of the hydrogen-producing temperature range as measured in degrees Celsius; and

(iii)  within the hydrogen-producing temperature range.

BO. The HPFCS of any of paragraphs B2-BS8, wherein the fuel processor further comprises a
purification assembly that is configured to receive the mixed gas stream from the reforming region and to
separate the mixed gas stream into a purified hydrogen stream and a byproduct stream, and wherein the
purified hydrogen stream includes the generated hydrogen gas.

B10. The HPFCS of any of paragraphs B1-B9, further comprising a buffer tank configured to
receive the generated hydrogen gas from the fuel processor and to contain a buffer volume of the
generated hydrogen gas received from the fuel processor.

B11. The HPFCS of any of paragraphs B1-B10, further comprising a feedstock delivery
system configured to selectively deliver the one or more feed streams to the fuel processor from one or
more feed stream supplies.

B12. The HPFCS of any of paragraphs B1-B11, further comprising a stored hydrogen gas
flow control valve configured to selectively permit or block flow of the stored hydrogen gas to the fuel
cell stack, and wherein the HPFCS is configured to open the stored hydrogen gas flow control valve to
permit flow of the stored hydrogen gas to the fuel cell stack responsive to the detection of the inability of
the primary power source to satisfy the applied load.

B13. The HPFCS of any of paragraphs B1-B12, wherein the HPFCS is configured to produce
the initial electrical output from the stored hydrogen gas within a threshold initial supply time from the
detection of the inability of the primary power source to satisfy the applied load, and wherein the HPFCS

is configured to produce the subsequent electrical output from the generated hydrogen gas within at least
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a threshold startup time from the detection of the inability of the primary power source to satisfy the
applied load.

B14. The HPFCS of paragraph B13, wherein the threshold initial supply time is at least one
of:

@) at least 5 seconds (s), at least 10 s, at least 15 s, at least 20 s, at least 25 s, at least 30 s, at
least 35 s, at least 40 s, or at least 45 s; and

(ii) at most 120 s, at most 110 s, at most 100 s, at most 90 s, at most 80 s, at most 70 s, at
most 60 s, at most 50 s, at most 40 s, at most 30 s, or at most 20 s.

B15. The HPFCS of any of paragraphs B1-B14 wherein the HPFCS is configured to supply
the one or more feed streams to the fuel processor during the startup of the fuel processor.

B16. The HPFCS of any of paragraphs B1-B15, wherein the HPFCS is configured to heat
a/the reforming region of the fuel processor to within a/the hydrogen-producing temperature range during
the startup of the fuel processor.

B17. The HPFCS of any of paragraphs B1-B16, wherein the fuel processor produces the
generated hydrogen gas during the startup of the fuel processor.

B18. The HPFCS of any of paragraphs B1-B17, wherein the fuel processor produces the
generated hydrogen gas with a generated hydrogen gas flow rate, and wherein the fuel processor reaches
the hydrogen-producing state when the generated hydrogen gas flow rate is at least a threshold minimum
generated hydrogen flow rate that is sufficient to satisfy the applied load.

B19. The HPFCS of paragraph B18, wherein the generated hydrogen flow rate is a flow rate
of a/the purified hydrogen stream.

B20. The HPFCS of any of paragraphs B1-B19, wherein the fuel processor produces the
generated hydrogen gas with a generated hydrogen gas supply pressure, wherein the generated hydrogen
gas supply pressure increases during the startup of the fuel processor, and wherein the fuel processor
reaches the hydrogen-producing state when the generated hydrogen gas supply pressure exceeds a stored
hydrogen gas supply pressure at which the stored hydrogen gas is supplied to the fuel cell stack.

B21. The HPFCS of paragraph B20, wherein the fuel processor reaches the hydrogen-
producing state when the generated hydrogen gas supply pressure is a threshold pressure differential
greater than the stored hydrogen gas supply pressure, and wherein the threshold pressure differential
includes at least one of at least 0.25 kilopascal (kPa), at least 0.5 kPa, at least 0.75 kPa, at least 1 kPa, at
least 2 kPa, at least 3 kPa, at least 4 kPa, or at least 5 kPa, at most 60 kPa, at most 50 kPa, at most 40 kPa,
at most 30 kPa, at most 20 kPa, at most 10 kPa, at most 8 kPa, at most 6 kPa, at most 5 kPa, at most 4
kPa, and at most 3 kPa.

B22. The HPFCS of paragraph B21, further comprising a generated hydrogen gas check valve
configured to selectively permit supply of the generated hydrogen gas to the fuel cell stack when the
generated hydrogen gas supply pressure exceeds or is the threshold pressure differential greater than the
stored hydrogen gas supply pressure and to prevent flow of the generated hydrogen gas to the fuel cell

stack when the generated hydrogen gas supply pressure is less than the stored hydrogen gas supply
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pressure or is less than the threshold pressure differential greater than the stored hydrogen gas supply
pressure.

B23.  The HPFCS of any of paragraphs B20-B22, further comprising a stored hydrogen gas
check valve that is configured to permit flow of the stored hydrogen gas to the fuel cell stack when the
generated hydrogen gas supply pressure is less than the generated hydrogen gas supply pressure or when
the generated hydrogen gas supply pressure is less than a/the threshold pressure differential greater than
the stored hydrogen gas supply pressure, and wherein the stored hydrogen gas check valve is configured
to restrict flow of the stored hydrogen gas to the fuel cell stack when the generated hydrogen gas supply
pressure exceeds the stored hydrogen gas supply pressure or when the generated hydrogen gas supply
pressure is or exceeds the threshold pressure differential greater than the stored hydrogen gas supply
pressure.

B24. The HPFCS of any of paragraphs B20-B23, wherein the fuel processor is configured to
deliver the generated hydrogen gas to a/the buffer tank and to pressurize the buffer tank with the
generated hydrogen gas during the startup of the fuel processor, and wherein the generated hydrogen gas
supply pressure is a buffer pressure of the generated hydrogen gas in the buffer tank.

B25. The HPFCS of any of paragraphs B1-B24, wherein the HPFCS is configured to utilize a
portion of the initial electrical output to facilitate the startup of the fuel processor.

B26. The HPFCS of paragraph B25, when depending from B11, wherein the fuel processing
system comprises one or more feed stream pumps configured to flow the one or more feed streams from
the one or more feed stream supplies to the fuel processor, and wherein the HPFCS is configured to
utilize at least some of the portion of the initial electrical output to power the one or more feed stream
pumps to flow the one or more feed streams to the fuel processor during the startup of the fuel processor.

B27. The HPFCS of any of paragraphs B1-B26, wherein the HPFCS is configured to restrict
supply of the stored hydrogen gas to the fuel cell stack responsive to the fuel processor reaching the
hydrogen-producing state.

B28.  The HPFCS of paragraph B27, wherein the HPFCS is configured to restrict the supply of
the stored hydrogen gas responsive to the generated hydrogen gas reaching or exceeding a/the threshold
pressure differential.

B29. The HPFCS of any of paragraphs B27-B28, wherein the HPFCS is configured to restrict
the supply of the stored hydrogen gas to the fuel cell stack responsive to the generated hydrogen gas flow
rate exceeding a/the threshold minimum generated hydrogen flow rate.

B30. The HPFCS of any of paragraphs B1-B29, further comprising a stored hydrogen gas
pressure detector configured to detect a pressure of the stored hydrogen gas in the hydrogen storage
device.

B31. The HPFCS of paragraph B30, wherein the HPFCS is configured to supply the stored
hydrogen gas to the fuel cell stack when the pressure of the stored hydrogen gas in the hydrogen storage
tank is sufficient to at least partially satisfy the applied load while the fuel processor is in a/the startup.
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B32. The HPFCS of any of paragraphs B30-B31, wherein the HPFCS is configured to
determine the volume of stored hydrogen gas contained in the hydrogen storage device based on the
pressure of the stored hydrogen gas in the hydrogen storage device, wherein the fuel processor is in the
startup for a/the threshold startup time, and wherein the HPFCS is configured to supply the stored
hydrogen gas to the fuel cell stack when the volume of the stored hydrogen gas contained in the hydrogen
storage tank is sufficient to at least partially satisfy the applied load during the threshold startup time.

B33. The HPFCS of any of paragraphs B1-B32, wherein the volume of stored hydrogen gas is
at least one of:

@) at least 100 liters (L), at least 150 L, at least 200 L, at least 250 L, at least 300 L, at
least 350 L, at least 400 L, at least 450 L, at least 500 L, at least 600 L, at least 700 L, at least 800 L, at
least 900 L, at least 1,000 L, at least 1,500 L, at least 2,000 L, at least 2,500 L, or at least 3,000 L; and

(ii) at most 50,000 L, at most 10,000 L, at most 9,000 L, at most 8,000 L, at most 7,000 L, at
most 6,000 L, at most 5,000 L, at most 4,000 L, at most 3,000 L, or at most 2,000 L.

B34. The HPFCS of any of paragraphs B1-B33, further comprising a stored hydrogen gas
pressure regulator configured to regulate a/the stored hydrogen gas supply pressure at which the stored
hydrogen gas is provided to the fuel cell stack.

B35. The HPFCS of any of paragraphs B1-B34, wherein the initial electrical output is the
electrical output produced by the fuel cell stack by reacting the stored hydrogen gas with the oxidant, and
wherein the subsequent electrical output is the electrical output produced by the fuel cell stack by
reacting the generated hydrogen gas with the oxidant.

B36. The HPFCS of any of paragraphs B1-B35, wherein in an intermediate configuration, the
HPFCS is configured to partially satisfy the applied load with the initial electrical output, to partially
satisfy the applied load with the subsequent electrical output, and to satisfy the applied load collectively
with the initial electrical output and the subsequent electrical output.

B37. The HPFCS of any of paragraphs B1-B7, wherein the HPFCS is configured to satisfy the
applied load with the subsequent electrical output when the stored hydrogen gas is no longer being
supplied to the fuel cell stack and the generated hydrogen gas is the only hydrogen gas supplied to the
fuel cell stack.

B38. The HPFCS of any of paragraphs B1-B37, wherein the applied load is from one or more
of the HPFCS and an energy-consuming device.

B39. The HPFCS of any of paragraphs B1-B38, further comprising an electrical energy
storage device configured to supply a stored electrical current to at least partially satisfy the applied load.

B40. The HPFCS of paragraph B39, wherein the electrical energy storage device is configured
to at least partially satisfy the applied load during a/the threshold initial supply time.

B41. The HPFCS of paragraph B40, wherein the electrical energy storage device comprises an
overall energy storage capacity that is sufficient to satisfy the applied load during the threshold initial

supply time.
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42 The HPFCS of paragraph B41, wherein the overall energy storage capacity of the energy
storage device is less than that sufficient to satisfy the applied load during the threshold initial supply
time.

B43. The HPFCS of any of paragraphs B41-B42, wherein the energy storage capacity of the
electrical energy storage device is at least one of:

at least 5 amps hour (A h), at least 10 A h, at least 15 A h, at least 20 A h, at least 25 A h, at
least 30 A h, at least 35 A h, at least 40 A h, at least 45 A h, at least 50 A h, at least 55 A h, or at least 60
A h; and

at most 10 Ah, at most 15 A h, at most 20 A h, at most 25 A h, at most 30 A h, at most 35 A h, at
most 40 A h, at most 45 A h, at most 50 A h, at most 55 A h, at most 60 A h, at most 65 A h, at most 70
A h, at most 80 A h, at most 90 A h, or at most 100 A h.

B44. The HPFCS of any of paragraphs B39-B43 wherein the electrical energy storage device
includes at least one of:

@) at least one battery;

(ii) at least one capacitor; and

(iii) at least one super capacitor; and

@iv) at least one flywheel.

B45. The HPFCS of any of paragraphs B39-B44, wherein the electrical energy storage device
does not include at least one battery.

B46. The HPFCS of any of paragraphs B1-B45, further comprising a controller configured to
receive a detection signal from one or more detectors of the HPFCS and to actuate one or more
components of the HPFCS responsive to the receipt of the detection signal from the one or more
detectors.

B47. The HPFCS of any of paragraphs B1-B46 configured to perform the methods of any of
paragraphs A1-AS58.

Cl1. The use of the methods of any of paragraphs A1-A58 to initiate operation of the HPFCS
of any of paragraphs B1-B46.

Industrial Applicability

The methods disclosed herein are applicable to the hydrogen reforming, fuel cell, and backup
power industries.

It is believed that the disclosure set forth above encompasses multiple distinct inventions with
independent utility. While each of these inventions has been disclosed in its preferred form, the specific
embodiments thereof as disclosed and illustrated herein are not to be considered in a limiting sense as
numerous variations are possible. The subject matter of the inventions includes all novel and non-obvious
combinations and subcombinations of the various elements, features, functions, and/or properties
disclosed herein. Similarly, when the disclosure, the preceding numbered paragraphs, or subsequently

filed claims recite “a” or “a first” element or the equivalent thereof, such claims should be understood to
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include incorporation of one or more such elements, neither requiring nor excluding two or more such
elements.

It is believed that the following claims particularly point out certain combinations and
subcombinations that are directed to one of the disclosed inventions and are novel and non-obvious.
Inventions embodied in other combinations and subcombinations of features, functions, elements, and/or
properties may be claimed through amendment of the present claims or presentation of new claims in this
or a related application. Such amended or new claims, whether they are directed to a different invention
or directed to the same invention, whether different, broader, narrower, or equal in scope to the original

claims, are also regarded as included within the subject matter of the inventions of the present disclosure.
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